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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance a copper wiring formed through a 
damascene method in dielectric breakdown strength (reliability). 
SOLUTION: Cu wirings 46a to 46e filling wiring grooves 40 cut in a silicon 
oxide film 39 are formed by chemical and mechanical polishing and then 
subjected to a cleaning process, and the surfaces of the silicon oxide film 
39 and the Cu wirings 46a to 46e are processed with reducing plasma 
(ammonia plasma). Thereafter, without breaking a vacuum, a cap film (silicon 
nitride film) is continuously formed. 
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Mm i <DMm*m-?z>*m®.=f- v r ; 
(b)±i3**#;^ v 7e)±.mm i <D3=m±izmi&ztifz 
m i (ommm ; 

cc)±ibsb i <Dmmm»mtMm$tiitMto&frmm 
<d)±ffi«tofc#ffi«*©«»fc»w-&*u -rmom-'m 

±8B*#ffc^ 7#^/£bfcl%£©±f3Sto&<2M 
K«JB©ifJ^©fi£#©«jRtts 0. 8 At. %&.TX 

[If *JS 2 ] if *Jg 1 IBf8©**#:*«[fllS&^Mt*5 
±s3fm^©/£#tt*> U 3 >ft£f^^#6!&&lE£# 

[st^JM 3 ] m&m i s3«©*****m£&^®t*3 

X * fc ttfiftUt* fc tt^ tt ©ff 3S©iB^"B-r? ft S c ft 

mmt-rz ^m^mm wmmu* 

6 ] if *« l ffi«<9***jH*lil»SEMt:* 
V<T> ±-.8B«jy.^©fi£^-©*«{±0. 2 At. %HTT* 

viTs ±§&ffi&W-0f&fra>mMi* 0 . 0 8 At. %JMT 
T-ft Sit ft#f£ k -T 5 ¥tft*«0K^g. 

8 ] mmm i ia»©^M»#*«EiK*«fc* 

MTv ±iaM&*ftJ*£'®*KtiO. 0 5 At. XfiAT 
Tft a d k ft# « h t S ¥#ft*Jlf]&&:*. 

M*a9] if*« 1 8Btt<D^*M**«iiB£Kic:# 
^Ts ±SafflJ£Afl-©J##©*«tt 0 . 0 2 At. JWT-C 
ftSCkft^fRi:?-* EffilSES. 

I8t#« 1 0 ] l !3«©*«ft:il«@S&sggS;: 

w-c , ±i3« k> mmm & «t v±ibs**?l n ©« s 


( 2 ) #W 2 0 0 1 - 2 9 1 7 2 0 

2 

am. 

Fat$« i i ] mmm i flB«<o**#Ki*Eii5«*fc 

fc^t, ±i3*m«^yrM©«*)^v>g|5^©MJ» 
t± 5 nmJMTT-fts c &*m&mm®»» 

Mo 

[If** 1 2 ] If** 1 BB*©¥##«»@m*r«fc 
10 tt 3 n m W TT" ft 3 Z £ ft £ f 3 HISS^ 

So 

[if** l 3 ] if ** l ffitt<z)¥*tt4MXIIBHfeB£ 

*5t>-r > ±fa«»a*s»8i*».«fcv±ia««ii?iifi©iis 

tt 10nm*fe$5iJ;$#fttS*«f@i 
11. 

[« ** i 4 ] m#g{ i mmv^mfammmmgimfc 

20 tt 5 nmJWTTft ZZ ^*«fRi:'«-*'*».'»*«BI»«! 
Ho 

[if** 1 5 ] »*JS 1 IB«©*#«:**iai&^ec: 
#V>Ts ±IB«K)ji^i2i^«*5iU ; ±8B®«?LF*I©'»JS 
35 C *J WT , ±IB#«ttv^ 1J7ICI JK W&frCOmW- 
tt 3 n mfilTf "T S *mfeMm\M}ffim 

Ho 

gp i; s ±ja#«tt^< y rat®* t> * vN»^-©iUP 
tt2 nmaTtss^ £±i±±mmnmwrm&& 
&&&vk\,\z £*&&£? z^m&mmmmmwo 

*5V^T, ±IBafta^BaS»©«tt0, 

i 8 ] m&s i ia«©*«fl:*«ig»it«c 

*5VYTs ±iBSft&.frffi$iiffl!tfttO. 2 5^m«Tf 

[w*j» i 9 ] fBttcz>¥*tt**iiieHg.Hc 

*5V>T, ±a3atoji^iE^#©*Btt0 . 2 /zmWT-eft 

4<? zz£*mm£ir2>*mfomm®m$imo 

(b)±|3**#:*«©±sB^ 1 CD3EW±fc»«*nfc!B 

i (Dmmm 

(d)±faa»a*B*«t©jttBci5«t*>*Vs tjb©^« 

Jg k "T S fc to (DMWfa ; 

50 (f)±imt/tij 7m&w*i&£tifz±amib&frmu 
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(g)±a3^ *&mMMisjLV±mm 1 ©i6*mffl-t.ffl* 
i 5 fc^a* tut** v ymmm^m u 

g#0, 8 At. %MTf$!), 
±§3S»&<?M ;i/ESSJf *J&JiStT3 »MC* 

;H0SfflMtt9 9.9 9 9 

©«jg^»Jv*JWT^ ±8B^ffl*fi|ttt 9 9 . 9 9 9 9% 

mmm 2 2 ] mmm 2 0 a2«©#***»isisg^g 
©im^&fc&uT, ±K*?juM<DmMits moms. 

#9 9. 9 9 9 Xsi±?**d'-y » > 4B^fc^;<» 

[it*ia 2 3 ] n&s 2 1 gem©*#*ii«fins&§is 

&9 9 . 9 9 9 9 %HI.£~e3b&9—>f*y h£/SV">fc^^ 

immm 2 4 ] »*is 2 0 mmo^mfommmmms 
[M&s 2 5 ] mmm 2 4 i3«©^****Ef&^g 

[if 2 6 ] 2 4 gB»©*#tt»SlE]TOH 

[«*js 2 7 ] 2 6 mmcD*m<*mm®&»m. 
immm 2 8 3 mmm 2 0 tm<D^mw.mm^mm. 

cat^ipt 2 9 ] 2 8 ©«©*#&*a®fi&iiSB 
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^ bti&x^v -4>©®tt©f'j-&{iR»J±T- 0 . 5 %jy. 

immm 3 0 ] it mm 2 8i3*©**ft*«iam«B 
v> ?,^5 * 5 y — tti©®m©ai-&i*ssjtT 0 . 1 %Kk 

So 

[SfSfclB 3 1 ] 2 8 ffi4B.©¥*tt*ttl9&£EP 

v^ti-sx 9 y-* ©iSJKffliii^-ttaajtT- 0 . 05% 

ttTTf*« C fc*«r«.i:-rs**<*:j(l*JilK*«<o*Jt 

[■t&n 3 2 ] ii*js 2 0 w^+mimMWBMw 
(Dmm^mz^x, ±.mmw.K<»mfta>mm±o . 2 
At. %u7T°&& z titmmtirz^mtt-Mmmmm 

immm 3 3 ] mmm 2 0 ib«©*##:^*ii8&^m 
(Dwmjsmizjs^x. ±«3«£A^©sg^©asiatt 0 . 0 
fo 8 At. %^TT?2&s::fc*#Mi-rs**^Siai& 
^«©«>3i^ao 

[it *js 3 4 ] mmm 2 0 Btt<o#*«MMMgitt8tt 
cDmm^mizm^T. ±mm&ft<?>i&-fr<z>mm& 0 . 0 
5 At. %PATx&zz£&nm£'r2>¥mi*.mm®m 

^B©«jt^So 

[ai*a 3 5 ] if 2 0 ffitt®*'#ifcftttiBUB*tv 

2 A t . % JUTT? S> * - 1 *«f.« i: -T S ^4MMtttSIB 

^B©»jg*a. 
50 3 6 1 if «ib 2 0 mma>*m#.mm®&mm 

#frS«EI»«ia©S3g*So 

lai** 37] if mm 2 0 &tt®*4KMMi@ttjMi 

^?LF ( 3©flMg|5{3*SV>T^ ±ffi#«ffi-»tv 7lOi*I 

**«mm«B©Siii^?io 

40 [I$13 8] 0aB«©*^***IHK«B 

«g?Ll*I©«!lMgP{C*VvT> ±3B*«ffi^^ y 7lffll*f 

<*^K«tlHlJBHttB«>.aJB^f 
[If *® 3 9 ] 2 0 fS*4)***JMtlglKgK 

in?L ft ©fJjSSB C ^ X s Jtffi ^ 'J 7" J^© .« * J5 
50 [If stcffl 4 0 ] 2 0 SB«©^*frm«lHlE&^B 


5 

Witt 5 n mttTT- & S £ 1: *nmh T % 

*JLF»i©«ffi»fc:.;l3V:>Xs ±ffi#«4/* 'J 
UgP^-©Mi»tt3 nmWT^SS^t^UitS^f 

\i&-ft<z>mm&2 nmwe^s*, sfctt±sa»«ts 
^ y r « a u * v> ^ 3t * r * *«*JK« 

4 3 ] nmm 2 0 s3«cD****«iiii^^g 

©WB3MSfc:fewr, Jtffl««>&»**W»©lBtt 0 . 4 
4 4 ] 2 0 8Bft0¥#MM&KiaB&B 

<Dmmj3mz$$v>\-c, ±mm&^mum<Dmito . 2 

5 ^inWTT? fc * £ *»* h r S*##j(l«SlJ8«« 
©Kiig^&o 

C«*ffl 4 5 ] 2 0 fl3tt0^#tt**iHlBSB 

©SljgTs&C&VYT, i:®a«6^iBSg#0«tt 0 . 2 

[0 0 0 1 ] 

«iaa*.«<©«fi^»i5«fev***iMiii»««.K3»ffl 

[0 0 0 2 3 

SBS^S. fiftils 
EIK««*^tt«?*5«*4«tflit-aK«ffl^J«ttWi: 
bxtt, *«JH±fc> «llir;^-^AifciW>^ 

[0 0 0 3] b*>u ±.mmmMi$.&ffiiz3$^xiz. ± 
s±"e^#*s*b-=)'ofeSo ^-£T\ j£¥tts mz.\£? 

(Damascene) tmtti&mmm&ffiifiWimZ 
*lXV>5 0 d©^"T^>^tt, ^>^l/7?-» (Sing 
le-Daaascene) Stra7;i/yv^> (Dual-Daaascen 
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e) ftilt»J-et5. 

[0 0 0 43 ->>^;i/^v^>?Stt, MASlMtJiltziB 
« Si * mm b * ©«ft«« Jt* «fc rf E**rt tut* 

mxmt^mmmmmmm (CMP ; Chemical Mechani 
cal Polishing) (ci-3tE8Ifl0»!:S$li5 i5 

[00053 £fe, ^j-r^yv $g*§MClE 

mm<QMmmm^mmL^. cm 

foWM* Jfc "T 3 # & X & S P 

[0 0 0 6 3 V>-ftt©^tJ*WT4», BB^©^#*JB 

©ts Mis-r^ffiSnaeDsa^ffiw-e***^*** 
ifx"r>m(DXo tem<D&m t tm b x tt*»t* cm 

$ti^vti:$nxv^So £©fe«>s j8£E8§M*i|s|-£bX 

mv>s®^-, ^*^*cs±#ae©«ffl 

t:> ffl©ffiiSc*l»±-rsfes&©-»^«tStty^yTM4^ 
j***i8Btt#asfc*ftXV>«. Sfes EM«A<%A 
30 £ftfctt**t©±W±©£Sfc> ±a3a»i&^BBiSi©± 

[0 0 0 83 £©J:-5£»»&<frK^ftffiJ;:ov> 
Ttt> 1 0- 1 5 4 7 0 9 ^&«fcffi«i* 

*!)■, a»a*asB3i»*> **«**fcttaE*««*«-3 

p pmJWTffliStt*©^i:-r5£i:icJ; t), ai©aKJfi 

40 h*-;i/©iIK)a^tt^|ql±^*SS$tA s M^ 

[0 0 0 9 3 Sfes 1 1 -87349 ^5: 

«ttt> ^MtE^»**«fctl ? «^?L*m^bfc^, 
fl£*S9 9. 9 9 9 wt% (5N) a±©^-^^ hSW 

*$^^TV^§o tfc, £©45r|gJ;tts *©as!)3i<»tt4 
tStt5», * AH C a ft 5 1 9 

50 [0 0 10] Sfe, 0ij^tt#li¥ 11-87509 
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«*fctt#M¥ l 1 - 2 2 0 0 2 3^:&$BiCtts 
[0 0 1 13 tfe, 1 1-1 6 9 12f& 

[0012] 

[mBJ#f?*febJ;5 h-TSSM] hi^ASs ##§BB#£> 

mm*^T&*mfommmw&w&mxz&^x\^ kit 

[o o i 3] -r&to*^ m i Cs n^^^jih-rsffl 

h fpte s X- <Dmm# J: u^^iast © naps) $ 
a izmtir s mmmmm * & & #> s &is*v© ^ y 

[ooi4] i2c, ±mm i <Dr$m%Mik-?^ < > m 
«< bfe f3&svM*M< bfc^-rwi, mmm,in(Di&m 
mmmommwimmvt&mi; <<&rf a^iws. ^ 

c.o o i 5 ] si 3 k s m%Mmmmt.-rz>niibikfomm. 
±<D**v7"mt bx sib ^ y => >m* m ^ s mt 
mih y ^ >m t ©fw^ ^ y vmitj&mis * 

#m * *5 j:t>"fi^e* s ^tM tfsr-r s raja b s „ 
[0016] S4.C, stoji^aaacDia^Bts -€-©± 

[ooi7] -e^T", *#§B§©@a*j9u H£ife*iSJi2; 
[0 0 18] tfc, **s^©ffe©a«j{is m^mmm 
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[0 0 19] Sfe, *^©ftfe©gftt){4, iH£3^«JB 

ttsaaa^Ki© ia^a i: * * * rig tcommm * 

[p]_h<* * £ £ t ©t- « stt«$«0t-r S C t fc$> S o 
[0 0 2 0] ^^©^©BHljfci:, 

tT5ato^ia^*#-rs#*#:«s[i]^m©^ 
[0021] mtc, ^mncomcommt, m&^mnm 

o 

[0 0 2 2] £fcs ^tifflflfe©BBtJ«. 1*4^11 

t -r s a to mm * # -r s a m^a ©ft te 
* m ± * * s c t © t* § s a * $ ib m t s c t k * s . 

[0 0 2 3] *»W©«fa3«!^Wt:*.CDflfeffllfl«ji:*fa 
[0 0 2 4] 

[wm£®p&-rsfe#>©^f£] *iat^v>TM^ns 

<*© fc. *5 ♦) T & S c 
[0 0 2 5] 1. *SSflBt4» i»*Jltt:««**tfcmi»rt 

si%&»e«m, ±i3*g^M*5±'o c atoa^Ei^Ji© 

*:TfcbT&J«bfclSja.fc#v»T> 0. 8 At. %JilT 

[0026] 2. **«n±, ±iaaiit»v^TN -tiaia 

©T'&So 

[0 0 2 7] 3 . ifia 1 C*V>T> ±s3KI 

^> o 

[0 0 2 8] 4 . *^Bj?{4, ±|BJS 1 ±B3H 

gurtfc. ±aa#«tt/'5 y Law* ©Tg. 

§ o 

40 [0 0 2 9] 5. ±|3a 1 C*5^T, ±I3IHI 

SB F«3 fc _tI3S*&i&<£M ^ 71/ S3««# b T * .© 
"£r ^ o 

[0 0 3 0] 6 . *f5Wtts *#*36*±fc^*nfc 

±fc**tt-'tur«t*i«t«i-$xfix i-.rt3Pia5rt*^-tf 
*stt » t y .r p± c * * * # f s p< # )um * mm 
-rax®, ±iB?«^;i/jR**Tf#«tt^y7 , «i4iift4-r 

50 fcfr<ommztiit*mftry7<Dft&m&<D±mntbjL 
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©«TE^^;Hll©JB(©tt*'tt9 9 . 9 9 9 %52l±£ir?> 
&<DX&&o 

[0 0 3 1] 7. #»93BU JJWI6.fi:*V^ ±S3* 
trfrBUts ffOttKtf 9 9 . 9 9 9 XJW±Tf*3*— f 

[ 0 0 3 2 ] 8. ±|B«6 IC^T> ±ffi^ 

-9 9 . 9 9 9 9 %fil±-C*3*- 

[0 0 3 3] 9 . ##§B#t±, ±ffifll 6 .C.:fcV>-ts ±03;* 

Jb.ia%fMfcfe.£ © ±a 

ii, ifj 13 77X?nt © ±iamui« «fc twi » a» 
^ * ;v EJUS ± * t-; nuuR £ »J* t S ii * # -t 

[0034] i o. *mwi*s ±mm9 izm^x, ±m 

LT-g-t?&©T"&5o 

[0 0 3 5] 11. ##89J.tt» ±SBJg 9 {C^ViT, ±83 

[0 0 3 6 ] 12. *^|W(*> ±83*9 C*5V^t\ ±13 

SHI bT ^tr ■& ©T*& S o 
[0 03 7] 13. *$B93WU ±83ffl 9 Cfc^t, ±83 

at** ai7 y — fb^wtswsT-^fcfts *>©-*?$> 

[0 0 3 8] 14. JtlBSOfc^^Ts ±13 

*JWDJ*«-CD3MEtt0, 0 2 At. %J£rFfc-r3*>© 

[0 0 3 9] 15. *^0^{i, ±gaa 9 fc*3V\T, ±13 
EH*rt©JM»|E:fe'^T> ±SB#«£;*y Til©«fc J* 
U»#*fct±«*?*U»#fflItJPtt 1 0 nm*»ktS 

[0 0 4 0] 16. *»Btt.x ±1311 9 fcjfe'HT, ±S3 

mm^mm^m^x, ±m*n&" u riit®a*> » 

©T-feSo 

[0 0 4 1 ] 17 . ##gBJ§};± ±a3IHgB£)£j$bfc:», 
±S3#«ttn V 7St«StaxgtSi-3t, Su S3* 

[0 0 4 2] 18. *#BB^Us -^*i*:*«±.fc:JK«**U 
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its? tcmm-rzxms ±m* * jmb*****-* c £ k 

* MEKM & MtSlgttU, ± S3 * 6 

)vmffimte&ttzffi&ft<Dmft&&&&o. a a*. % 

&TX-& D > ±s3a»&»;* ^ABM«»AtS.jtl& 

si * xis# t -r s * * /UK* jb« b fcWtA-e © hu S3 
*&)vm<om<omm.* 9 9. 9 9 9%jii±h-r« i &©T* 

i0 [0043] 19. **BHtiU ***M£«±©lfi*itfc: 
BflgP * J&fig -T £ 18, ±83 BMB *#tf J&flUt J: £ 
;fi7KI«t«H, ±aaia»*^iJ#ittt^y r 
I±i;ffl4il*i:t5^^;H**itsig, ±SB 
^ ^tiWttt't u 7l*i*t5 C fcfc J; ?) ± 

ttSBIglKJKft ivi».a»^ *7HB 

fc*^^y7'©^fi8^©±gHa»3i 1 »j<^;i/E«SH 
2(7 i:i1t5M«*©^©IS4 0. 8 At. %jy.T i: 

(Dmcomm.^9 9 .99 gyottihts^ot-fes. 

[0 0 4 4] 2 0. **ftS«±©|g^t 
S4& 3iaiB^**3 <fc VJfi*a*mj«-f § m ±S3iI& 

Stam ±S3p< ^;i/^*5±w*«s^ u 7l4»s 
^ p -s is i: * # -r s * v > 

>y 7".©^fif^«P±IBa«&.a*>t * ;HBSt*C*5 
tt S«3ei^©^©««*0. 8 A t . %JWTh b, ± 

sea tbjhfr * 9 Kwmm ^mmt s k> tc , 

40 [0 0 4 5] 21. ±S3JS2 Ofc^t, ± 

«a«6a*«j»si*.«ttr««*3L*mja bfc«, ±sa#« 
^^yrK*a«-r«xsK5eir-aT, ±S3****« 

tMUT, jM5ntt*#-T'5a,#:©#iaM^T"7°9Xvffl 
lt*!84 # * © T" S S o 
[0 0 4 6] 22. *^BHti s ±83fl 2 0 \Z&\,\X. ± 

ii^Mtsigffit, ±83*^ yyj&mmommz. 
Horn iz , ±83*e»m*5 «fe »ii^E^s ©±® * , 
isitsttstftcti^ipTr^XYfflitsig 

5(7 £|f-rS*)©T-&2>o 
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[0 0 4 7] 

[0 0 4 8] 1 , TDDB (Time Dependence on Diele 
ctric Breakdown) fftfe<DM& 1 

4 o-c) ©»«*ffTTJ«a]H'tft«tii«jiftv>«ffi*iin 
a , «j± epjd *> e. mmmm * t- © n# m & ma mm- k m l 

ffilB«JMI* 0. 2MV/cm) Cfl-ffLT 

^tofc^H &V^. i8 5lt «jf©TDDB 

#*M£li:4BHUfem*3tU (a) fcfc¥ffla. 
(b) iiff .(c) it (a) C*5(tSB-B* 
iVC-G* S»flt#*ft. C©Sei4tt^KC5i^ 
Ift^i^fflT E G (Test Equipment Group) MMizM 

im 2 cjmu g_h*©^ hpi, p 2 \z&*mm 
■r 5 o z-onm&m l us * w# bjjp * ttmati6««« $ 

ns. h P 1 , P 2.»«Jg*?TfftS. W&SffiL 

©@B^tis saasgpis mm&£izffiti*> o . s^mtfe 

So 1 . 5 8 x 1 oWtfe. :I9 

8 6ii «ijs©«s^*bfe«^i2iT-s§c ssjfttisi* 
x^r— p sizuwtsti. ^^FPi, p 2 rataMMffi 

(I/Viif) *a*Sf*o W*79 > -S'3tt 
fc-^H^iMtoSftKsmOEff 1 4 0°Cfc^^$tV§„ 

El 8 7f*tsgff.i^$gsffl-iT^s. mwum 1 4 

0°C, S#lS5MV/emOf^MSLfe. TDD 

n$ p^ © .si;! 1 1: * iz uffi&mz m >p b s -e © aasc * « 

mmmifi l ^A/cm 2 t*bfef$^*TDDBf* 
(5MV/cmtM5T.DD,Bf|#) fc: bfco &4b\ 

0. 2MV/cmfc*lt5««eB (##) £V>-5*^ 

iz im %.<D%mm& fc as u & a a t?*«* s © b# 

^izSSb&WKDs TDDBMit tmSS 1 4 0 

•c©*§-&g^-5o tdd b mffritmuom&mm 
l -c b itws * v > a *k m m © ibsp^ © * 

[0 0 4 9] 2. rvXviaahi*. 77X?ttiCS 

bs 77Xv©flj^w, ««ag (*>^t— 1*>«>>) # 

J6 S5T*LSIjB X £ffi?S boo, ^IlSfffflf^ffl C «t 


( 7 ) Wifi 2 0 01-2 9 1720 
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;*TrStft^3 gfcvv, «k-?T, *M-e«*s fei: 

3tf X ■* Hr «f C t * f 4 4) © T* » ft V\ o 
[0 0 5 0] M7£tt#HM©7°5Xvi:ii, Mfcm. 

tt©5^*;ug)Sv^*^^->^^-*nSo ^S«Sf*i 

T V> T 4) A V V fe X. «7_k^ v J? A )V hNH2 7^A /!/ 
i: ^ [hJ f)# ic -r S iS JjiST- * J: ^ o 
[0 0 5 1] 3. fcvv3»-&fctt, S 

X A £ -8 7, B i: ©*!£•#;* fc *5 WT , # X A © « JK *s 5 
%fcVv-5^f{Ci*> 3tfXA©«g«tS*Fa, ^Bfflf 
2£» liaSFbtlt, Fa/ (Fa + Fb) =0. 05 

[0 0 5 2] 4. ft^lttfl (CMP) -)»fc: 
MW® ffl * ffl'Mat) fife ^> ft» flJ«© ^ - h MUte i?tP <b 

P{C*5WT{*^©ffi, SWSM*SiaffliS65WCMbT 
mtt&mS * 5 - i: lz «fc o T WJ@ *ff a CM L (Chemica 

1 Mechanical Lapping), *©ffe©H$t5£3l&£{£fl|t"S 
*»©> St^-5S)K*ffifflb>av^®i|i7 'J-CMP&ffet 

[00 53 ] mm? v— fb^««#si*s -isfcffife© 

fi*S^*s0. 5%ttT©X^y&ffl^fc{bf«MWS 

o. 5 %&Q&mm&<Dx?v*m^it{h^wmmm* 
b*^b, ^ti^ttffi/ofeti^t)©^^ *), iixf 
'y7fflii«»7 u — ih¥mmmm~z, ^mzm < m 

2 7f 7 7-<zmm&mmmfc¥wwmm~e& zms. m 

ltff«±s SI*b<(i2ffiW±/J^$^^«^•55:i:t:i4s c 

40 ©si i x?fr©sfitaii7 u— fli*««we.i:v>'5 
«^4)fes<. *mmm<pizis^T, mm.? u-iisww 

WJ^hSd ttiis *f«i:-rs^JS«©W¥Sfb7-D 
y— fb^«««T-ffas^-©#, ± 
g7nt7«fi7 y — fb^MSfBT-ff VN> iJ*B<37^ 
7Dt7$ #5£^fb^«MWJgT-ff 5 »^*-«* * © t 

-$-%><> 

[0 0 5 4] 5. mmm (x^y) iitt^ -jRc^^x 
y5 : •>^M^Jfcw«^gife=&^M^•bfesa^*vH^, *n 
izj8v\Ti$mma>&m±, mmm&&m&$tir^&^ 

50 boosts <ba>£T&o 
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[0 0 5 5 ] m,n tit, -it^ 

5 U ICS * tl-S ~> V iJ & if ©»* * V\ a o 

[0 0 5 6] 6. ffi&mtlt, ^«CD^ffltlfAtt, §fl 

7-k tt % s 1 1 ii * © m 13 © s s * ir -r s «ai w * b m -r s 

ihti-jt, C M P «fc 5 WJSi ©21 ff * IS it * » m 
fur*3WW*v^vs — «ic< w h y (b t 

A) * ir#ttJS£ftS < ttW«¥ 8 - 6 4 5 9 4 

[0 0 5 7] 7. *«&m;Tlli:WU — AaicM^wm 

mmm w * th ^tem-r a © * BSJtf « it to £ > a ® & 

#B*.©« W * fc K Jft$S < Bf&g ti s tan 

yrvk<DmmmT'$>t). «fh-/-^> <Ti 

N) > (T a) „ UttiZ^ffl' (TaN) 

[0 0 5 8] 8. ««&a*S«*fctt«IK>a»^^-'VB 
JSiftt, — flSC ^> ^71^*? ^> (single damascene)-? 5 
v :; j-7';i/^v^>>(dual damascened if© <fc -5 
KfcT&JS £ *vfc *fe if (Oft* C ««Kt # 

»*Bt± © tsi -tm&rz mmm&m ca^ 

^;i/^v>>ib{i N y^iftlrfy}!* mmmtffrtv 
i:, «i-a»atr.s a»ii».iB^7- 

ffl^ttSC i;#^u„ 
[0 0 5 9] 9. jg0il$Rfc*s IK^Ifs 

mttfi 5 « ±©4> ffl*V^. 

[0 0 6 0] 10. mmtlZ-z>^X, rAOBCMt 
3j (Sfett rBic*t"TSA©j ) S#Ufc#Xi:^o i; 

- h ftftJUt LT A t^tSSHV- b tPLfcJ: § 

[006 1 ] 1 1 . mmz^x^m^mmmmmmt 

#„ S O I (Silicon On Insulator)S«-^ T F T (Thin 
Film Transistor )*fcSS¥«ffl*tR£ if t ^ -3fc<ffe©.*« 
±C#£ftS-fc0*^*r*>©i;-r5<, 

(-IfttSIJPJi^) .v SOSSfc 5tf^X««-€-0flfe 

comm. *mm s & » ***at« * if ^ * n * * * ^ b 

[0 0 6 2] 12. *'*tt*«IIUB*x;\ 
*fr**0»©.«3ifc:fl!irA* 'J ^ >^fflflb©^Mi<fc# 
#7X1S, *©fli0lfi«s K»iSfcl4f *ftS«f 


( 8 ) mm 2 0 01-291720 
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[0 0 6 3 ] tfe, 4Mt**ttiaB?-y7' 

[0 0 6 4] i 3. ->'jn >^ h7-f m^^fm 

*fc«SHb->'; nvKiio? S i sN 4 ©^'e(* 

io 

[0 0 6 5] 14. ^r-y V atoii^ga^©'ftffi 
[0 0 6 6 ] 15. iJ/ai^rn-feXiifcfcs tuXUh^Pf 

i0 [0 0 6 7] l 6. UTiKCBEiiSiiS (E3») * 

fef±«i^?L (B3.9.) it-f >** 

;tl/- S^h^ 5K bAA^tV-^hf W LT^5. 128 8 
{is «fi^JR 6 0©±M*5J;W^©^JK6 O t^^tl 
6 1ftK, M')7I6 2 $7^>^V> ^ffiT" 

^i:v>-5Wff*x —mmizmmi^e o©±.i±®^y7i 
i t*i©fjja^ mmtmmtcD&.mmzjrHt&Affl&'g 

ts) IZ&ft S y 7R 6 2 ©tfeSI44 VVV>» ^-©gP^-T- 

— ^ttv ib^*6 irt©jsfflfc^ttaMU7ite 2©« 
%<&iz%m utt^mw<ox'*y ^ y «« b&*§ 

#ir^WTli, ;ty7l©r*lSiisl0 0nmt\ 
-f Yt>nv — W3 Onmgg, 5 
OnmSl^oL Sfc, ntJ7l*o>^xn-x 
^ y > t * D *t« bfc»^jC.*i\rV-c {4, n?7 
40 f£©7v*§U?*s 1 0 0 nmT% •f-^ >" iiJiU— Pifi 2 0 
nmgS, #h AAMV- 5^*5 9 0nmSfit»-3&, 
[0 0 6 8] 17, D>WD- X^Vy^ V >^ (Long 
Throw Sputtering) ^hi4> # b l*jan]s— S^lqj±0 
-Slfft^ x^t>y^y>^m^-©Sit^«{7* 
f-V* h i:*«i:©f^©Bggl 

•5 o 

[0 0 6 9] 18. 3^-bX^^'J>m 7 

5<? itsHis mffi&T-ftftttmmifinznzzsiz, 
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t^t^uommm, mm, ffi&wiwmommzfoZo 
[0 0 7 1] ife/fes £kTv>nn<DWfmiz$i^x, mm® 
mm mm. mm, a, mmm^^ts) izm&irzm 
mizmmutzm-&3$£&mm&)£.m £>frizm%.<Dm 

[0 0 7 2] $ SlT®X*6)&j|E:t3lA'ts ■*.© 

j: w^iw izmbfr\z&m-e$>2>t^z.ibti%m-s 

[0 0 7 3] BimC aTO**iO»«t:*>^T» «Ji!c 

u j; tfmmmz w *> #vz * a n % wt;#^. s> n 
& m^m & * t > *f»c* © j^tt* fcjfic^ * Sterna 
•r s %<z> ^©fc-rs. ^©^ ttts ±s3ic«*5 

[0 0 7 4] *3ti©^Ji*!KWf SfefeMBC 

^T|15-*itg£«t-3fcffl«I^-©^£ttb. e© 

[0 0 7 5] *fe> #*«©J&IBfc::fe^Ttts 
1- 7 > * 4ffiStSM ISFET (Metal Insulate 

r Semiconductor Field Effect Transistor) ~&^\ZM 
I S fclfc'U p-^**/l/!gUDM I SFETtpMI S i: 

BSU nf^^;H©MI SFETtnMI StUt. 

[0076] mmcomm i ) *nM®BM i tcav^T 

tt, M^li*^BMCMOS (Complementary MOS) - 
LSI (Large Scale Integrated circuit) 

■ t * ft b fc »£■ * El 1 ~ EI 1 9 fc i -a T X8M C Si U3 "T 

So 

10077] s-r, ei 1 .c^-r <t a ic> i~io 

Q cmf§*©tb}&in;£#-r S P Mffl V 3 6 * 
(JBlTs a&tEfcl^ ) 1 fc»3 3 5 0 nm 
SiKffl Jfl ^ Z47*hVvy?7^ t r* ^ -f 31 y 

c v d j£T «fl3 ^> 3 > tt 3 * mm -r & . & v * r * © ± 

»©«flS i"J3>I3 *"fb3*««flH6 (CMP) £ cfc o 

T^©aa*¥±afb-rso caxct^ mmcom^M 

SI5 2A (H/>?7fV^3» ^Mt5o ^e© 

l^i/H^iffnl^i/l/SIMlfciv 1 £ 
AgMtrr<6£fc Ts pffl«>ai;i/4*J:Xfn 
3I>>:n>l/5©*fflfclIltJ*6 nm«*c&y- r««K6* 


( 9 ) #18 2 0 01- 2 91720 
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[0078] b ase^n 6 mit is y a >mcftit 
tiifb-> y 3 >M*?«fSbTt)&v«o »afts/ y =»> 
M«s y ^ >J88Cifc^T«lf t *s *#Mf«Mfo© 

#r^©t% M6^6.0*v b** y 
±t?^> *gi^jtffi^i^±^*sc:tASi?#Sp mmibis 
10 v^>m*Mm-r stit «i«*Ki*No. no 2 

J^bfca, !fi£l *±83bfe#S^^X#HM,*T»^S!l 
[0 0 7 9] & fc, ^- M6«1K 6 *s « A««fls ^ U 

3 >n& *v^i±«fl3 ~> y ^ >mt mit *s y a >j§i fc ©« 
h 6 *nsMb e>- y 3 >mwmmr' 5 » m*gs, w 

T^m&fbt-So Hbi"j3>|ga, Ift->'J3>IJ; 

t> %>mm&&m^&iz*£(Dzzm<hi<vz! >mmmmi± 

y- m6mjk 6 ^^-©s-fb^> y 3 >jk&s * 
50 *tfc®fbi";p>i:©«#J^T?«Be^-a^i:K:J;t), 

ofl^^v f-** yrti?.ite#H£E©<fi-F4E&#-r 

6 4«gfb-> y 3 >«tf«fig-r* <t .9 . y- h« 
-rs b^vifitmffic^t&^ifliffl-rs^ k#T-g3o 

[0 0 8 0] *-ffigiifett«^«iiI©- 

driif*. ^Sti:&S^flg©£b»«4s* eu *©J»* 
* d is -®-fb ^ y 3 > ©fbsIS** e a bfc # fCs 

[0 0 8 1 ] 

mil 


50 
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8 s 

m x. izmi^is y =j > ( s i o 2 ) 33 <t waft ^ u a > 

(Si 3 N 4 ) ©8t«*Hu ^*l^tv4~4. 2*sirf8 

.©^«*© 2fgh btit^-rsi:s «x.«M«6 nm© 
Mfbi- 'J ^ >mco =.m<h^ V 3 >*f¥§l«;i 3 nm fctfc 
So r^to^s MJP 6 nmOlfti/'J 3 >^iP bta&f 

- hmmmtmm3n mcomm u ^ > st * * * v - 
vmmmtitmm&mvi,^ ait, Kg2nm©»{b5' 

•J 3 >KtilW 2 nmffl^bi- U P>P (iftflC0IJ9t= 1 
nm) fc©tt&»#6fc«y— h»*JR©S*fcl\ HJP 
3 nmffifHMs S' V a >JK*> * 5 ^- h mmmcom 

[0 0 8 2] E12ic:^-r e fc^C y—K«Mi«l6 

9, 'WNJBUs.fctFWJKtax/iy^&C J: D J^jeSt? g 
f- h««7J*. ;tif>««l0;i^-->^tJ; DJfc 
fStS, y-bMS7{i, llS*gI^'i3>I±C 
W^ijt-YmSfefin^h (Co) ->'JWFM 

- MS 7 h itMi* fett*«S»©5/ 'J =i > 
(Si) Wil/Y^^i (Ge) h©-&^*fl§V>T-fo^. 

[0 0 8 3] n 3 c^ti -5 £s fci:*.«3<b*> 
'J3>KCVDST-««U C*l*^fl!)tx*f> 

S^#*M*il4 (V-X, PW» ni 
'J;ai;i/5fcS^^SS©P + 1 5 (V- 

*fcttt**x pffl*ttftfctt#n>*«jjV?S*. * 
©»s ^*>, pv-t;i/h^f©^JBJR*J8*Vs ffti&S© 

& iz*£im(D&mm& f&m t z ^ t> «s> § y *m h* ss * 

^ffl*jJ;Vp + ffl^»»«*.l 5 (V— FW>) 
©SBtJ'-Ut-f K»9*^-TSo CZ*T?OlS 
T% n?t^)HM I SFE TQn^iVpf 
MI SFETQp^in. 

[0 0 8 4 ]*i:> i4 fc^-r <fc 5 C> SfR 1 ±fc C V 


(10) mm 2 0 01-291 7 20 

d areafc ^ 'J3>ii 8 u mwt yxbui? 
fv^tschia^ n+i^itfiiH (v- 

X , F W » ©±35 C3 b jfr— ;i/ 2 0 

U p + Sfiftfll5 (V— X, KV-f» ©±$|5 

- > mm 7 ©±35 ic <& a > * * > 2 2 £j£j£-r 

[0 0 8 5] BMb$/-9 P >K 1 8 « N — MI7 s 7 
V^Ms iiilBP S G (Boron-doped Phospho Silicate 

Glass m^mmt^o stc, ^\f>m^m^^xmm 

$tl& S 0G(Spin On Glass) B|Tf«J« It i> <fc^ 0 
[0 0 8 6 ] .*.C N zr >^ ^ h ;V 20. 21, 22 

KtiU mm&zi>9i? h^-;V2 0. 2 1. 2 2<Z)fi.a 
*^-tP»<b ^> U ^ :>« 1 8 CD _tg&fc C V D St* T i NJK 

^«»TiNil*itFWIR*ft**M«W* (CMP) S 

;i/2 0, 2 1, 2 3,cD;rtj»o^fc:2:tt6©ai*a"ro 

[0 0 8 7] mz, msizmT^v^s mib'>v^>m 

1 8<Z)±*t:* lMB<D9M£1&zyFKM2 4-3 0^ 

K^>r^^^>^^So IB 1HB©W@B^2 4-3 0 
tt s h^- ;i/2 0, 2U 2 2*Ii:tn^t 

^MM I SFEIQ xiCOV — X. F V^ > (n + 

so m^mm) s pf^*MMisFET-Qp.©y-^ 

J*V-f > (p + I*iMt) ft-^tty— Kftlp7i: 
[0 0 8 8] H6 (a) > (b) fc*«5ts 

^ i ms<Dwmm2 4-30 ©±*t:.iMh^ u ^>ms 

^ y tfT*M1b ^'J3>13 1 K x >!/ 3 

2-3 6 *}g-J*Ufc«^ X;V— ;i/3 2-3 6(Dp^gB 
fc75^3 7*««t-S. ^*5s H 6 (a) 
«©^W©SI(5¥Hia> (b) (a) .©A-A«©»f 

[0 0 8 9] »{b^y=i>J»3 lttx «^«^^/> (* 
fettSUt) h^ai>^r^>>^> (TEOS) h^V 

-Jl/2 0s 2 1, 2 2CDrtgg^^ p ^^2 3*JBfi!tl/fc^ 

[0 0 9 0] El 7 (a) , (b) CSW^fc, 

Sflr>y 3>13 1 ©±fflK7^XvCVD»TlHJ».5 
:0.nmCD*V^aft^U3>J«3 8^it«b, HV^TSA 
50 ^> U >JR 3 8 -CD±ffl C V D ^T*II 4 5 0 
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-*-;i/3 2-3 GC0±m(0m^PV^>m3 9#J;tK 
87 (a) 

H> (b) Ji (a) ®A-A»0tfffilHie*S» 
[0 0 9 1 ] BSS«4 0-44«»««t:B^ 

3>I3 Q^IWCxyf V^U mtisV 
?>R3 8tx^>^tSb C©i-5t, E«i4 0 
-4 4#««artt**flS^U3>«3 9©TJBC*^a 

>«3"-8 *cty^>^*rsci:t<k B«#4 0-4 
4©I!)IMibl)^h^<, *H«A<«[ 

[0 0 9 2] ±9BEi§S?S 4 0-4 4 0ftflK:8tT 

CD i a 2 ■ ft ««»&»C u-EI 

[0093] * -*\ .eg 8*:^-r * a c> mrsi 4 0-4 

4 <Z> |*3« * ^ tP»fb > V P > IK 3 9 CD ±g{5 C * A v & V 

>?mvs »v» t ± n mitr* » 14 5 

«U T i Ni4 5 0±gU tBIBi 4 0-4 4 OiSj i 6 
*+#fc]»!r*lKJP: (^l*«8 0 0 nmSJS) cDCuM4 
6£*;W*U >^ttlf«*t5.. £©T i NR4 5*3 
■±tFCu«t4 6^/t^^ij >^fcbttt, ilffir©;*^ 
y ^ U > V m T* & A V > b . 0J * it n>^ D^ # 

[0 0 9 4] ttV^ ^J^«4 7 B-CS*CD#Wfttt# 
l:loTCuI4 6 £ V r7P-£i=!\ EMUR 4 0-4 4 

yu-lz «t * «»a***W b ft »^ Cul^x^ 

y^u^stiiMu ^cd^s ■.cu«t4 6ctaa 

[ 0 0 9 5 ] TiNl4 5it C u©ft£ifc£lS±-r £-tt 
fB*«UTV>«« £ft. TiNI4 5lis CuI4 6h 

TUI)o Sft.fi^ TiNK4.5-.fct> ±-|aCuK4 6© 1 ; 
7 D — WP C C u JK 4 fi <D»*ttt * =fil±* * & W b 

[0 0 9 6 ] **3teCDJ&«i 1 fc:fc^TH\ TiN!4 5 
©S*J*l>«#©Jj$#5 OnmCDi^i^tStfs 
*»?8#60|ftftfj|S»fc.i*t«, CCDT i NI4 5 

&t»<* ***** 

[0 0 9 7] ^©<fc^ft»fg*Wr^Mi:UTa> Ti 


(11) #12 0 0 1 - 2 9 1 7 2 0 
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NCftiTs Cufc.»£^i,»VkWN 3l T a N (Mih 

tv\c *ft> -eoTiNiiftlts filbft&Mafcttb 

[0 0 9 8] C©*5ft CuJR4 6*5<k^T iN 

14 5 SlfBCMPSfC^otlgtSo ^0ff.X 

[0 0 9 9 ] ^©CMPSfil 0 0« s ±BCui4fl 

<z>wjb c m v> s c m .p*»t« & t> s mm tcu 
M4 6 ^j^ntas* i *«****-r*-p-^ 1 2 

0, Cu*4.6tIE ¥fifc*S.ffl»*W»l 3 0> 
afiffi 15 0. SSilltfiTltcSI 1 «ftft#t-&« 

1 e 0 *«ktra«»*«»T bfe«« 1 %m.m 

[0100] ai ot:s%-j-<t^Cs cMPtai 0 ocd 
WJ§#i3ia5 13 otts ±»*wnsnftf* 101$* 

bT*5 0> .£CDjK0tl 0 1 fc|St!3f*.»-6ttfcIlHB«ll 0 
2<D±mm^i> 1 0 3 fc^THIEMftSlxa 

#PSg CT^trV) 1 0 4#&!)fttt&ftT^S. 

ffMl 0 440*WKtt> *BW)»?L**f *-&J*«JlB 
**B^t:ft5!)«-B"T««L/fcW»^!y F l 0 5^^^ ft 

[oioi] '.zcommieam 1 3 o»> 1 * 

^tVrl 0 6 *9tt)WtfeK»ttl 0 714s 
;^t'J710-8k-#t&^-i( (BB^**r) 
J: D SICBftStVx 7?p^W» 1 0 4 cD±#T*±T«r£ 

[0102] mmiiZs ^x;\*f»jri o eniatf ft 
ftfeXffittJMMI (Baa*** 1 ) fcJ;!)^ f©iB«b 

iRS^nSIHIgP 1 0 6 aOTM^tltt5!3, C^DCngPl 
^r^ U T 1 0 6 ®T«IkiiKB-*i^}^fflUfe« 

[0103] rnmm i o 4 ©±*ett^ mm^v k i o 

5 ©«Bi:*« 1 ©*flf JS-ffl k.©IBfc'W«^ ^ y ( S ) 
tft»t4*»<D^9 y«fef 1 0 8#ttt*6tlT* 

>)> foTSfrfeftiftsjisf 1^7 y (s) iaoT 
iix?y (s) hbTfcL «*«^5^-atir©«3fi 

50 ta»kU 2:tt6**K:*lR*jkli»jlP$**:*?) 
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[0 10 4] sfc, cnwMMoan 1 3oit mm^y 

M0 5Offl4Iff^ (>'V>yi/>^) tSfefiiCH 
T*$>& YWVl 0 9 £H;LTV^ 0 IfflFl/ytl 0 
9«, ifli l 0 4 ©±^T"±Tlft-rSffil!/*l 1 0© 

TiiaJtm^^tt^^ — & (m^-s-f) {c<fct)[iite 
[0105] ii#HTbfeii i {*, mmmmffi 1 4 

9$ 1 4 Ott, ±|3 bfefflig^BlgB 1 3 Offl|gj$fciiMb 

«^> , ;HJ7 , ;-;1/ (BTA) :&h*©l©ffli3iJ£^A,*£ 
Ht****^ lffl^fflfc#t^$tlSii:(cJ;oT, *$E 1 

[oio6] mm^^voimmmmm (mmm «u $j 
mm 1 1 5 Cs *¥®rtTja<E**fca« i 
©i^®4PVA (spy tr— n,T)\,zi— ju) ©<fc-5&-£r/£ 

1SHII©^?LS#:A^^5R««©75i>- 1 2 1 A, 12 
1BT'S», 12 1B4iil©It 

^ * fc (*u67jc x if > mm* if* RSisjaa fc $feff * & « 

iiff bTff$£i:.C«fc»K WS5!iaa5 1 3 0 1 © 
[0 10 7] B5ttifla#il»T.bfcJ£«.l'«N ^e©^M© 

«aMi*®5 <-fe»i:s samagp i 5 o iz-mmzumz 

HS. SffWljK 1 5 0 fcfc, B5»*13#.fcT bfc*« 1 

if -r s fe » © * © t? s -m ^. isus* * * — ^ t— y d — £ # 

(X b «y A ) ©tWCFif^lfcm©** 1 
8-30 ©«afl3^WJKttSJ6***«fl«1 1 3tff b ft 

m.(Di&mz^m bfc*Mc««*«s:ftl&f •* £ Jt <fc 

*) , C ufBSS 2 8-3 0 fflSM^J; t) -JBfll*£ ffi±? 
[0108] 1 ©l&SESittt, iWit«|»B2k^-V "7— 

[0109] £1$:}$ ffiHgB 1 6 0 "s*j|SSftfc*« 1 
{is ^©^®©SiPitt^A s ffifetifctt^T-i«'feJ^^i$fcft 

o h if©Hr;i/* y b«e# 

6, (*.fctt^^Jft#) 


(12) i|fW2 001-29172 0 
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fes ±l3©X^7 7'^5ftC$feff *fettMff bTs *«1 

X^^^^bfct) bT*«fcV>o 
[0 110] ±a3&^MfflW7bfe»«l&, »tJ< 
y >x*3<ktfx tf > F9-f fflgU ^*Sbfea3iT?T>n 

[oiii] &*>\ iai 2fc^-r«fc5K:. RSMsaa* 5 ^ 

/a«*SW 1 5 0*3t3fc«iifcbs «@*ffl««l©« 

B5<<fc-5fcT?g3o ««ffli«a5 1 5 0 *5S^;«]iI(C-rs 

M3(DWM%:>Pt£ < 1 4) 5 0 0 ;i/^XJWTs b < 
20 3 0 o;vyy&,~f s £ t> C^F* b < 1 0 0;kf XJWT 

[0 112] Sfe, II 3fc?ST«fc-5£. Wg$!ia©i£ 

asp fc*3Si.* n, w®x y y * ©*^**3Sfw«K»fc «fc ^ 

Tffi3k$tlTi>£^a mi 3 t^rCMP*12 0 0 
lit CuM*m^^tife*tR 1 *iSia«iR^t-S 

zmmmmmz 3 o, mm&mT vamm i z>mm%m 
30 mmtz&mmm®>2 4 0, mm 1 
mmm 2 5 o&£v&ffi&ifii&7 h±xm 1 

§tS7>n-y2 6 0*^l^TV^So C0CMPMS 
2 0 0*«ofeCuS8M7D-fe^fli, WBjaagp 
2 3 0 fc*V^TW«©a(Cf>f 1 fflll 

©jg#, Ttzfc>*>^(Dmmizm^*iffimy,^ v *p<Dmfc 
mmmmz 4 0 fc«M$tt, mmz^v txD&fHfiibm 

ft«.t:i^Tl»***v*. -effl^s Mitt. 

iT7>D-^2 6 0 tJRS*tt* fl W«® 
a©i£^*»^^^*sM^^^S*T©Hs S« 1 ©31 

MIS&*«.«l«Sn, CtVt<fct). Cu£iM®.jR<tife&#a)C 

[0113] ^©i^*CMP&icJ;5iT^X^l*|i 
T, ^b->y3>JK3 9±0CuI4 6 *3it>"T i NI 
4 5 *.|»* U 014 fc^-T i d ga^* 4 0-44 
fit:Cuig4 6 a- 4 6 e^MtS. 
50 [0 114] ^IC, CuSS4 6 a-v4 6 e kMfc*/V 
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(a) 4sJ;TWWIS (b) 7?.8 5o 

JtWfcrwrit* *«»flB#S!-.iircJ:a*flH¥i 1-2 

2 6 8 7 6-^ic|3*^tlT W-g» 0 

[0 115] fcH\ D-fn>^S3 0 1 

i:2POfflfS3 0 2 a, 3 0 2 bi:#*fey b-f >^7 

0 1 mzitmK 1 p# * b 3 0 4 *m-?z><> 

D — Fn^^i3 0 1 .t»«S3 0 2 a, 3 0 2 b 
H'Ctt* H*iI^D-FP^l3 0 1 ^CDiSK^tt 
»#Rt $ cfco f^^l/^3 0 5 Stt^c 

[0116] itt3S-3 0 2 a, 3 0 2 .bJ*jC«*«U * 
«»-r»*Hr^^ 3 0 6 N ^$4Ii^^7;H3 
0 7, t-fe7^ 3 0 6 «ftt§JSW3 0 8. 
7^ 3 0 6 tWlSl l/TM*n* ^ y ->attCD«g3 o 
9, ;ty7^3 0 7K»K^SlUTE«afix&ilfi|*« 

3 1 0**t5< *fi«4K3 1 0«it-fe7°# 3 0 6^11 
3 0 9©Btt^©^*K*1R«^©**««*»«I^* 
#ffl#&& P it-fer^ 3 0 6 CD»W«"fcl*SM'a.-y b 
3 1 1 ftfcR«*ftfc^>-:r.3 1 2ft$BBB£*U ^>7° 

3 1 2*«ufegs^«3 1 s^mms i 4 ta«bt 

iH*:7* 3 0 6iBJ:rfafetE 1 £lW£ti£o 5 
JME 1 *Sl ttt«fe7^ 3 0 6 ± 

[0117] 302a, 3 0 2 b -It 

b 3 1 5fr6ft»^ftSo ffiSrtfXte 
^;^att<Pti3 0 9*513BbT*«l0;B«C#l& 
Sft*. JII^I«^v-$-;vF3 1 6 

fcJt!)£E*4»*»*n* 0 J«H?ft1t*.««a3 0 9 fcffl 

ip^tis tHr:/* 3 0 6 3 o 9 tamx-y^x^ 
%3im-? &o mmmmtjiztztjtiti 3. 5 6MHz® 

[0118] ®JIS3 0 2 aT*&. fekAttJfc'KWflU-J- 
S7>€-777Xv«iWbn5o ^fes IM3 

0 2 bttt, *fciw!-r*** $> (aft is y-3 > 
W) ©ita^ff^n^o ftif 3 0 2 aiimsa 0 2 

b kfctn — Jfpy^§3 0 1 *^i/TSf«*nTVv5& 
7>^^777XYffli0tKSSl»t^ ^ fc§ 
<JS«l*ttlg3 0 2 bl:llt§:^t^s r> 
^-?7'7 X7ffll £ * JM»fl9 Cff a 

[0 1 19] &fc s ±I3b&r^XVitt3*H««^ 

^>^7x^X 3 0 3 frb&ffi li«O#yh 3 0 4t«t 
t) n— FP7^I3 0 l.fciX*ftS» n— Kn^^g 
3 0 l*+dd«ffi«»fca**-CKffl»«U 

b 3 0 4*fflv^i0i3is.3 0 2 a^mR i *«ai 


(13) #512 0 0 1 - 2 9 1 7 2 0 
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1113 0 2 atZ)^— b AVI/73 0 5 Sffl b, Jfi«S3 
3 0 2 at7>^-7^7^iAls BEAj«**froT 

0 9 fc:«#*-BJfti u ®16 K&ir& o £ :N MM 1 <z>& 

i*77Xv«it^o Rf«Nrno)ii3iisiiirMtt.*»* 

flMtU 79Xvtff±t*. ^cd££, MS 3 0 2 a 
fl*SS9gU y- b;t;v:73 0 5SI^tp#7> 
3 0 4 C <fc 6 »«t 1 * n— FD^S3 0 1 Caffi* 

io &o n- p py^sso i {*is.x^ttffic«ts.£ 

[0 12 0] 77X7ffll^tt»> as«i© 
1MX*8-f (=2 0cmgt) kbfe»&> fflS 

5 , OTorr (= 6 . 6 6 6 1 x 1 0 2 P 
a) , RFi**6 0 0Ws Illg^ 4 0 0°C, T> 
^rir8m*2 OOsccm, 1 Q®>tTZ> 

^fc*«Tf*&p *«mfgfKf&6 OOmil stlfep ft 

1 > f £ if T D D B « fS £ o g cd £ JlJf #{b 

fiflf t: * * tf 6 o « * » fc ^ MHSE * tt 
0. 5—6 To rr (= 0. 6 6 6 6 lx 10 2 -7. 
9 9 9 3 2 x 1 0 2 P a) , RFtM 3 0 0-600 
Wx ««?MJS^3 5 0-4 5 0°C N T>^-rSK*tt2 

^ o - 5 o o s c c m, mmmmu s - 1 8 o m®p^ 

ggUJi 3 0 0 - 6 0 0 m i I s ©JBH^-ft**-* d i: A 5 
[ 0 1 2 1] o C ulI4 6 a- 4 6 e £.« 

Cu|i4 6 a- 4 6 e * cttfKfb ^> U ^ >M 3 9 

K (Sfb^U hCuBB®4 6 a- 4 6-e*.iV 

»ft^V3>B3 9 k©«f#tt#iej±bs TDDBM 

© » «f fc k 6 K a C i¥ b < ~r ^> o 
[0122] b 3 o A^m^rmfc i 

is 302b cua-r Hi 3 0 2 b ©y — b ^t;> 
73 0 5 *fflbs SQ.1S3 0 2 bft#+^.a:*fflj*fc:«s 
**Tf»«bfc»H ttia3 0-2bti/7> (SiH4 

&1S3 0 .9.K«HLt.BiSpbT7 , ^X^*»^U El 1 
HZi^T&O^ Cu-E«R4 6 a- 4 6 e £ £ tFgHh ^ 


25 

^xv*#±n.. fti*3 0 2brtt«a 

&£t U h ; W 73 0 5 *W wc n#yb3.0 4C 

£ ft *n iin-Fo ^ &m 3 o i K«ta-rs« $ 

fc* D#^b 3 0 4*JfV*T:***y X 3 

[0 12 3] 8ft*/Va>i4 TcDKfftts fctZUS 
Onmmo »3M3®Ejftfc£2M'&a>£ 
8(CuSI46a-46e) I: 

fc.»<0BMbS' U ^ >«**«U MSB bfe<3D fcjq 
^©^ffiT% ft 3 »B^B^«l»a^C u|B*^«$ 
frlS o IIS HU ±a bfc C u E« 4 6a-4 6 e <£>ff2 

[0 1 2 4] HI BC»7Jiaa).«**7f*»«b.3!tC 

Mos-L s i0-«^to m ims (Dmm (md 

fcfc> |?IHbfe«t)^>^^>JP^«>3&^o SSlM'aea 
■B»©«P«J:TKB»tr-y^ (BSE*©*** & 

[0 12 5] »2«ffi^ (M2) » & SB .5 JBS«R 

(M5) «rtabfc-cuB»©««3?tt-eBi»r 

S.o W2mmU (M2) :&J;X*Si.3ME» (M3) ©T 
iNK-CDMSMU MiSO, 0 5//mfijg, CuUCDiS 
m*-i£0. 3 5/zmfits E«iH.*5«t.U f E«tr^ 

fe£o f41ES (M4) «J: s rf«5MKM (M5) © 
Ti»B<Of*B, 0-5/ifflg)t, Cui® 

O^mfilSfcBO. 2 5/zmgS 

T*ft3o 

[012 6] B6«es» (M6) its mx\£$> 

^X *r >«U T ;V « - > ^X ^ >«© 3 

mmmtztix^Zo ^7sia^ (M7i 

ii^l/^-Wl^^^o »7MB» (M7) CD^ 

7 ME* (M7) §7;i/^^A^^>^Xr>h0« 
MBT#« iTi^lrt© 1 o©i its ^©«JgJBt 

BSM © » ±M fc :« ffl b T * 5 . ; t > mm * * > -f 
> ? -f * -fc40«il±-©MBH4*M[«Tf g^ch # JSft 
aSHcSSBE StiT ^5 3&» 6 T* ft £ o 
[0127111 glEiM 1 fc » 2 MBMM 2 ft jgtt 
*T5x;i/— ;i/©ifimWs «.*«0. 4 5/tmS** 
fcttO. 25 / amgfiTjSc JB 2MEMM2 fc£3M 

18M3 fc*gMgs-r&x;i/— xo.jtStt.N 

0. 5 At.mS**fett 0 . 2 5//mIK7?ftSo §31 
S8M3 t»4iE«M4 fc*******;!/— 
*gfcfc, i^HO. 5/zmgJK£:&fcfcO. 2S//mSS 
T* ft § o » 4 M E«M 4 fc * 5 M E«M 6 fc* «« *T & 


(14) KM 2 0 01-2917 2 0 
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x;i/~ *-—;i/©ai«»^ #J;L«1. 0/4mgjRSfc» 
0. 2 5/ifflgIT^§ 0 K5MIBMM-5 fcMSMEM 
M6 hSMit$x;v-*-;V0(gtt> «.*«o. 5 
/z mSJK ^ fc {4 0 . 2 5^ mfiJKT* ft $ o 
[0 12 8] #*JG©«Mte£*l«s TDDB#t#* 
*fcafc#«tiS* 19 2 0&> **3S©^MCD*2SE^ 
M2 (CuSI4 6a-4 6e) fcHiCMSftftT 
E Gif >r;v© tdd Bmifr%m-fy^ 7-e& ft 

9£© jg CD M 7 s — * * 4 > AC^to .Jfc* (DJt&b 
10 fc: T >^-777XV #131 * b £ V-^M^'CP TDD B f?# 
■5*—* (7>f>Eef) feflWSfc*;**. Blfr&lBfe*& 

[0 12 9)02 Itt, **3B©BMTfjtfflbft«{b^ 

y zi >M 3 9 ft-ett Jt t» ?b:««ie».H*igfb-> 9 n >m 

**jffi©?f^J^±^TDDB*#^fp]±^ 
Sp b^bs ^CD[qI±£Di!l'&tt*t<^<> T>^E^T 
r ^ X y Jtt«* ff ^ «X i: fc J: S SB co .ft a 
:l:W§o TDDB#***EiT£*H» 
.»«K©^Vi/^«t '5 tt. ^oWB^EKnf-ftSCi:* 

[0 13 0] f Cts *^0^#^>{4. 7>^-r77X 

vaiaac-j; ft TPDB*^±t§i»t*$ft§fe 

» 1 1H fc SHb > U ^ >«cd fi 1 -=> 5^ p W T «? 

[0131] 02 2-02 414^ CuS8SI©X.PS 
(X-ray Photo-electron Spectroscopy ) fr%f<Dl&M : &. 

mVfry^y^&Zo &m<D (a) s (c) (iCu2p 

©»*«M*iSb > (b) . (d)ttNl stD^Tfe^^ 

[0 1 3 21 12 2 (a), (b) tt7XrW®G 
uIII^Mlfemfe§o Cu2p<5Dlf->tfi 

&s 7Xfwi® g ui^ttiia#ffiLSu^h# 

40 t>#v5o 02 2 (c) , (d) CuI(:CMP0^ 

u 2 pCDtf-^fcfc^fcN 1 s-CDlf— ^.#a*$.tl$o 
Bfil/ftJl5^5 9 fcttB 'T A4«^S*v?»fc.^ C ui 
ItaSb&B T A«©MJK*«#bT^a*(Dfc** 
T^§o D92 3 (a) , (b) » N CMPttWi 
Tff o fettffiCD C u E^a® * $Mff b ft * o C 

u 2 p tT— »'fc*{b&*6*t-ft^3&Ss Nls tf— ^*«fS 
TltV^o «s» fcift BTA^HS? tlfe fc#x &tl 
So El 2 3 (c ) s (d) tt, ««£»«*M3f : H»fi: 2 
50 4I^K«bfett»©CuE»«ffl**Wbfe»*Tft 
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&o C u 2 p<0li— £fc£fcfc€uO<D"fcf— 

n^o n i s^-^^«mgi-j;^*ftttM^ti^v^o 

tttt J; 5 C u Sffi^ift^ *u C u 0#£« IT v> £ 

[0133] Z(D^olzmih^tlfcCvLmmZT>^^ 

mm&mZl (a) , (b) X*&2>* CuOGOtf- ^tt 
KJS^UT*>*« — ^ Nls ^«S£<£DTV^ 

icoCuiSSB^Mbfeo -«.»ttB9 2 4 (c) . 
(d) T^§o Cu2plf-^i:WT, 124 -(c) 
fcH2 4 (a) t*tmTtH£, i!)7Xf«I (0 
2 2 (a) ) fcSE'V* **«kffla©^r.#ai7ctt 

[0 13 4] 1)11081^^ 7>€~777X7ffil 
t) CuBBJR4 6 a— 4 6 e 0>»Bii5l7C*Jft£ i: t 
« jfcgfbJB SftT Sfb Mtt > 

[0135] 025 fi N «fb$/ U 3 >I«1©XP S# 
«txo^It*t^77T^!), B 2 6*5£TF0 2 
7 fcj\ mih ^ U >JR©.K«^»f (TDS-APIM 

s) tfjoft«pjMt^-r^7T?**o »fti^y:=i>j« 

D77>fK) . C M P«ailt ^**^7X7 jflI4 
■ffofcttJI (7P7 7^f;kD) , CMPf»ti:7> 

■rE^rr^x viiia* ff^&ttJ> (7D7r>f ;i/E) , 

CMP tftftft* ttI77XYii * e o ^ttffi ( 7D 
© 1 e V«j*CD-ift3i*;V-*— 7?iS^c?)*rti«^^ — s^r 

yX©^»£<fc£*<DT?&£..o 

[ 0 13 6] 025 (a) > ( b ) fct£ * tSi2p^ 
^ hi^IUlfef- #T&*K (a) lilOnmg 
(b) .H:2nmSJK©«**^«fb&*© 
Tf**, BB2 5 (c) , .(d) > (e)^Nls, 
Ol s, C 1 s^a^ h;i/*«S0fcr-*T?$)5o 

[0137] 025 (b) ^£> s **X^XV.Jfli« (X 
n77>T;i/D) ©fix*;^H| ( 1 0 2 e Vf^JS) (3 

& *U *H7?Xv«lfc*!i Rft ^ "U ^ 

[0 138] 02 5 (a) T>^-^X^ X v£t 

a (7D77-f;i/E) J:1177XYffli (7077-f 


(15) #12 0 0 1 - 2 9 1 7 2 0 
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;i/F) ©105e VCDlf-^^fi^*/!/^— «KJfi#o 

&##*fctr— *cfeorv**.» 

(103. 5 e V) 

7>€^777X? jail* £ 77X? 4&S <fc ?) 

a2 5 (a) i: (b) t(Dtm&t>, mimmm 

v»a**VA3K.7''?.Xv4tt«.K:J:safl3H: N 02 5 
( c ) T*<b*»T?j&«. 0 
10 [0 1 3 9] 02 5 (e) **75Xvftl (X 

ifitofrZo CMPt (7P77^;i/C) ©2 8 9 

[O14O] 02 5 (f ) fet N S i tT— ^ i:Ntr-^h 

7>^-777XviItil77Xv«ihTiffiii 
|5l#cD^b^^$tiTi^i:%^^o 
29 [01411026(a). (b) % (c), (d) fcfc 
**.«i*4 1 (Ar-H) \ SSIS2 7 (C2 H3 
) s KSjR.5 7 ( C 4 H 9 ) s IIS 5 9 ( C 3 
H7 O) *M«!L/&^^^T*-*« *&h 02 7 
(a) > (b) . (c) , (d) 2 8 (S 

i, 0 2 H4 ) , lit 4 4 (SiOs C 3 H 
6) , SIt2 9 (SiH, C2 H5 ) , Jf«Sc3 
1 (SiH3 ) *agbfe^7 7T»So 
[0142] 02 6 (a) £>£s X ^ XV»IC * &7jc 

J0 (7D77>fOT) ©JK»SS^ffiCD«^ (5 6 0°C) 

[0 1 4 31 02 6 (a) , (b) , (c) #.X 
PiXi:t*««(DiB!#*6ftSo -35^ 02 7 

(a) - (d) ^6, #««fl)lifiW»j©-tr-*0#a£ 
^l,?)Wo t^fcfes 3 0 0^40 0°CCDtr— ^7tt# 
^ N S is SiOs S i H s S i H 3 tSfctl^o # 

s io©«aftfime>ns*Sx 7>^-777X 

vlltitS i Hs S i H 3 ©«HittKi:A/ir«J«* 
^ n^v\o f-3fet>-fes r>-=E~rx^xvjn«T?»s i - 

7.X vffis inettssn ^Si§c 

[0144] c.*i6iott**6, mik$svzi>mmm<b 
y>jfv>y&> \*<Dmm£.tezs i-oH*si-o 

-0-NTJfe4B*.tt5h#A6*xSo 7>f-777X 

v«ifflcD«©afb^ y p >«.©««k.43^t n - < si 

5/? ©S i-O-N Wb, ^t;i/^©S i -Om&kMlb 
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£>ft£o — T>^T:7^XV®S*fT;bfcV^»& 
£fcfc % S i - 0 ffB-^^flMbS/ U 3 >JR<Z) 

ib^-sjss^ s ? > if y > ^ > f mr*$> & s i - o 

-Mi3^MS lT^I)i:fx. &ft£o ift^ »j3> 

ihift > y 3 > r £ <Dnm £ # tr>tf9>?#> 

F##&t*ftfciU * dtt V-^t^*r^t§ : 4: kfc 

T^£k#;£?>ft&b 

[0 14 5] 6U:©^«IS»fr6» > 7>f^777X? 
«HCJ:^ ft£ C uKtt®ftHt**7C& ftT C 

u*5£3IIC*lfc3Sft* **>fc£ftfcCui: 6 

3>«Wtti«e6Mft«t ft a ^ tfr & , y-^ 7 

«««*s«'J> U T D D B#** fait" $ k # x. £ 

ft£o 

[0 14 6] *if f »7 - 7 77 Xvfflltff 

ofc^iirks ff*>*!*o&»6C-ov^T> E«SJBkSfb 

[0 14 7] S.fc^ *WB©»JI|-eia:^ CuK«|6Dffi.Jn; 
b) kr>^^^X^XvMS*bfe^kTii> fib® 

kJt«bT*StfcffiV^fflkftoTV^o 0 2 9*5 

[0 14 8] ili 1^7 >^ -77 7 XTil®!^ 
(02 9) Tli»fflfc»»*©tt*6*tftV^^ 

ii77X7ii0i6 (03 0) -ettJMJfc 

».©$/yt-f K (CuSi) B^^$nTVv§ 0 z® 

^y*-f Flit aft->yn>j«(3D^«oiiRcD^^>* 

XhCDMiS^^^tl^Tb^ 7>€^777XV1« 

kb^*if&bT^&k#*.€>ft<&o — — ;v 
fflbx^y ^>k©^^{3BM^n^fe^> ^y*-f f 

1(03 0 (c) ) ©*^iCtts .#Hfc« 


(16) #12 0 0 1 - 2 9 1 7 2 0 
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Ht5/ y * Kfti ©S* tt/J^ * V Vfc # it -6 ft * . 

[014 9] Jja:ufc««f*!r**^ tdjdb**©* 
fb«« k bTs JXT®i5 fc^/w*** & ft£ c k# 

*#B Ul# 6 C £ o T » »T AJH £ ft*: • 0 3 

1 (a) B\ TDPB^ft©^*^X.ixCD«»g|*^ 
U (b) li^x^;i/^;t> F**bTV^o *Tft 

* sr 71 ■(»<b3' y P >JB 4 7 ) iD»J«CD«.fc<||:^ U * 
■Y F (Cufb^i) «$n^o C©£?£MfbfH<& 
*VAttJI!.5/U*>f FHU *M»<jtilktt«bT>f*>fti.« 
ft|§ < N c<D«t 5 ft>f *>{b.*ft&IHtt|B»«©*»lc 
AD F'Jn^ BMH®JMK£tttt&ft*. 

[0150] »Ha«*.aA&a^T?&fiK-r«««« 
y ^ >i3 9) * xr (mfb^y 3 

4 7) k©#Htt, *»©»1©7>€-777XV 

af#ttc*£b^« ^<oj:a.3fty>^y>^>r-©# 
asttw-f *>©j6«*i6*-rsfpm**b^ m-f*>at 

© Mfa#a ^ y — ^ x ^^^g * ft 5 , y — ^ ) \ * % m 
ti&v—t? mmts Mmmto y — k««Et: ct ^> m 

MHMlCSd (TDDBMOgf) o 

[0 15 1] CftfcWb, 03 2 (a) , (b) 14, ± 
JB7 >^-777 XVJWS« b fe^^O TDDBfil 
©^^-XA^IRlflSS^ATJ 5 ^©^^;^— F*S% 
bTV>£ 0 *:*JB<Z)^»t:45^Tt4s CuiBiS4 6a- 
4 6 e 0 IK 7 > -7 77 X V®1 ^Itfc G 
uEi 4 6 a- 4 6 e aHCD»fb*i*3i5nSftT?H5fe 
b. C u»*S4 6a- 4 6e CD^Bf^^V^ftB* 5 ^ 

mft»aft^y3>*4 7 © jkbj © ke fc.*s s/ y * >f 
ntft^a^ty* sew k <k »-r * * h»k * s b 

is y 3>I39 0lK7>€^777X7li^It 

^ fc#>s Sfb->y 3>JK4 7 k©»»*a*WfcbH ¥> 
^ y > .y* > f cpwjk * fi« btu-*^^eE)»j*tii 
Bt^c ^fes ®fb->y n>JK3 -9©»H*ill'#*:tt 

D D B ##fiT©«H"k.«fc ««-f *>©»^*Wffl : bs 
«©i£»*.«i.*i7» g * £ a wnhs/ y 3>* 3 9 
aift^V3>!4 7k<o«d*B*«*"e««« -ft 

Ci9 TDDBfMlSl± , e.85©T?fe5o 
[0 15 2] WI5bfej!Wn&»£* *»77Xvi 

aT**TDDB#^*iRiJ:T*§:^k#jie>ftSp -Tfeto 
5£? *I77XY»licj;D, Cu^B(4JS-7C*fts S 
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i -0-*e©^>^V f©SHJ:ft5S 
i-OH*sSi-Ht«?ft5„ fit, 
VilO»«0«HC, *§i§r©^03*W©S i-HtfltM 
U S i - NT-eife^*lS 0 C*lfcit)3i*lfl<jS:»fl3^ 

[0153] 0 3 3 i£. 7j<3g7°5Xvffla4ff ofe#^- 

7-f>Eef (fiiiu) t7-f>A (Tv^-yy? 

7*7 X v&S©*^ J* 7° -5 X v ^ — J* $ tt a 
ChAsWf#^tlS©T% v -/it LTiEfb^ 'J 3 > 
Mir A> to S flfe©#&T & -o T G u fc.CDg* * ^ 15 

& ^ «fc 7 *«|s|.**aMT" g 5 £ g K {* f to&T^T" $> 
So &*5s li75X?«l (5-f>D) fliTDDB 
Mtfi^otfiTtS. 02 6 , 2 7*>£>fcto*>S«fc 

[0154] ^mmcDmrnx'tt, $ ^ c> c umu 4 e 

a~4 6 e*3iU-®fb^U ^>M3 9 fcJft"7 7I4 7 
h©S#ffi#ra±LTV^5fcfe, im©*i«3feK#*i 

[0 15 5] TV^-T, #XfclKi& 

5* s fe3vi(i> 7k^fcT>^-Ts lis r;i/=f>$fe 

* e>.jiiR**i*: 3 7cm. 4 K&^&Kmom&Jtxx' 
[0156] (.mmcowtm 2 > ^mom^mm^m 

ffel.CMOS-LS I©§?jfi7m&03 4~B4 3S 

[0157] ^^©sji©®^^*, mmcDWtm 1 

iCtSltSH 1 ~0 8 *T?fflIgfc-oV>Tf£IPMi6-e.&So 

T\ J^Ts CMPIgl-«fflII*Pltl,o 
[0 1 5 8] El 3 414, Stt&»CuE*0&JA£Ji^ 

S CMP «H©^#;«fig© -« * * 1-*MHShff ft a o 
[0 15 9] Hf(Pt5C% CMPgI4 0 0li, fl 
0 1 4:Je©«:®Cfi!We.*tfc« , i56}*a5 4 0 2 

fci^ti^snws. w«»hsm o i izits "731 

7^ (**) .l(SD8Wg*&H*-ff$ 2^.CD.3g« (3§l5g«84 
0 3 A. I2£i403B) , WJgMSA^toofeMflz 

Xf->3>4 0 4, iil4O- ; S'4 0 6, IB 1^32 
4 0 3A, ^2^14 0 3 8, ^ V -> • X:r— > 3 > 


(17) #M 2 0 0 1 - 2 9 1 7 2 0 

32 

4 0 4, 7>D-y4 0 7Ht:»§t5ii57-A4 

0 5 tiTV»S. 

[0 16 0] WB®ag|54 0 Iffl3fc«fc&*flti5fci*#» 
toofe*ffil©Sa^^^7X^^-S«J£#gp4 0 2 
As^'t^ittv^o «ifciMB4 o 2 CfcL n-y 4 o 
8, m 1 ifcfrSP 4 0 9 A, *2iS}ta54 0 9 B, Xtf > 
F7-ft4 10, 7>D-^4 1 lfeif*s|S:«$^TV> 
So MM4 0 2I*, «6#*©Stgl©«aC 

3S5#JH#-r5CD*K<5k»K:s #fti'I*S4 3 0TJB 
70 i=*U rtgPif* 1 8 0/l>>y^x, ffil<!il0 0;i/7i' 

3 >©*SI* t J; ^ t p nI^i:IiiS#«n> p 
ng^opl (+«) tMi^nfcCulg©Sffr?> 

[0 16 1] I3 5l:Sn7l^ f&l/gSi4 0 3 A 

a, ^<DTmcmttt>ntcmmm,m4 1 2c.fco-t7.Mp 

®F«3T-Iil^|ga)-rSo ^fc, IlM4 0 3A©±fffc 

-CM 13 tttttmm. bfeWB7l yH4 13#*!l tfi* £ 
tVtl^So »ljg«4 0 3 A©±*fctts «i&««4 1 

4 t i o x ±t» *5 «t t>"7k ¥ m 1*1 "Pin ifg|gi6-r s •> ^ / n 

*t'J 74 1 5 AS^H^tlTV^So JAIR 1 (is iffl^x 

A*ty74 i 5 (Dymmzmv t>fttz?? * v t> 

4 1 6*5J;yt'Jf-t'J >X4 1 7iCioT, ^©3£M 
B7-? 7N13 Cjf Lft-tt tlS o 7H4 13© 

mmtmmicD&mmmh&mfcmz? v m&m * 1 8 

«4 0 3A©±*Ctt, e»*«|4 1 9fc±-3t±T» 
*J;0-*¥ffl.rtTIl*gK»-r* F V '7 it 4 2 0 36H»:)I$ 
tlTV^So Hl/>7t4 2 OfflTJifSSKtt^'f ^•=E> b*«t 
: ?*«*bftaS»#«i!)fttt&nT^»), BHB^y ¥ 4 

1 3 ©^M(is SfS«S»{3 -tSaiSS t» M^feftC 

4 0 3BH, 2$©^7'JMf4 18a> 4 18btf 
«Bt&t1.t:^*jft*l»*» 11^14 0 3 AhSiSPUt 

[0 16 2] ±jaCMP»«4 OOSi^TCuMS 
MtSCli, n-^*4 0 6 fciR#^tifc*« l 
7-A 4 0 5 SttoTSWMS 4 0 1 C»A I, £"f 
0 3 et^-TJ-aC, « 1^38 4 0 3A©±t^SV^T^ 

mIf2BaS»4 0-4 4©^gP©CuM4 6 4iit5 
(03 7) o 

[0 16 3] CCTfWft^!)— fb1MW*»f»i:tt% 
5(7 5-^, i^ y *ftif.©«&**»t.*tSJS*i[©^#a**0 . 5 
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*mmi<, liitbtit #c®e©#*r«* s o. i 

»«%WT©tcD*W^b<> 0. 0 5 1!*% JUT & 3 

w*o, o i m.itt%iiL k©&©«£ fb crr-t bw» 

[0 16 4] £fc> ifiSfcbTii, Cu©M^«ic« 

-rs j;^ iz^vpii-tfimmztifz&cDttmmztis £6 

fcTiNI4 5 (^*V7l) t:Mt5Cul4 6 fflffliS 
iiiKit#'J>& < i: * 5 JW± i: U S £ 5 £ * ©SfiJlWitl^ 
£:ftfe&ffi#{£m;s*i.So Cffl<fc5?5:fflll*i:bT, 

So a*:, ?^>Mit&F a mmm£vxt ) -M\zm.mz 

ttTfc&s «ttiMB<* «*fcbTffl**>ffi<U 
%<?>a«flS-**^0. 0 3 Ji«%©^:n>i? 

5S&©nrir*£o. o.im*%*»fc:u&w»*ftfieflj 

f So 

[0 16 5] iaBWS^t'fb^Mffe^ff-Ji:. if 

am****!,** *fc»<h****ttni'rs»R* ! tti&* 
tis t±mmibmifi&mffi t & otsshjl, ±a3g?ibg 

ecBs$ tirmimom^ &m u c ©hjs£1£ t> s b 
xfb^WtWfjg *»«ff -r s o * *>\ c © <t a ^ v 

— ©WS«*ffi«Ufcft^«Wlgic^^Ttt, 

tT £ <fcS HfcWBW 9 -2 9 9 9 3 7 ^.;fe «fctm 
I¥l 0 - 3 1 7 2 3 3f l;i b<sB«4$^XTWS 0 

[0166] mmcommt, -mt ^xmm= 2 5 0 g 

/cm 2 , ji/Ndr-^ U 7'I»]«S( = 3 Orpm s ?£3ilfi]!|fc§& = 
2 5rpm , X5'J Sfc«= 1 5 Occ/minfc b> SfJ§/iy >' 
j£ s jfcBnv*— ;KRodel) acDflHt/t^ F ( I C 1 4 0 
0) $«ft5, Wlffl^li, Cu«4 6i«B(*Sft 
TTJtefflT iN!4 5#®tUb;fcB$jai:U i^fflt&tB 
i*s »«Mf* s CuI4 6frf l TiNI4 5i:%ofct 
#t^-fb-rs^^fe{i->^/'\^r J p U TfflHlfcb/l/^fH 
^S^tfeiH-rSCfcCAoTfi 1 ^, Sfes ffS^-vH 
©— gPC/t;£Wtt\ ^x;\ta*f>©teif^^^ 
*flSfc*^T*A*lfctU bfe »3 » 

* h;i/^bt*^T*l^*tfetbbfet) ittAu, 
[0 1 6 71 13 7tc^-r«tdfc:, ±m<Dm,m.y v—it 
^mmmm^no zt\z £ ia^« 4 0 ~ 4 4 

©CuI4 6(i%if^*^tlTT«©T iN14 5 #® 
fcH-fS#, EI3 8 (a) , (b) «^bt^t<t5 


(18) #M2 001-291720 
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E» TUflMifciBHbTSfcfcT iN|S4 5 
EPT-^-T) £©ffl®Tttl$*bt*l&*>'Pfc 
CuI4 6#«#t8., 

[0 1 6 8] 8381814 0~44©MfflTiNfi 

4 5 © Jtffl fc »3f to fc » o jfc C u JB 4 6 

sfctoic ±ia@3 4~ia3 ec^ifeii 

5&B4 0 3Aa>&*.2£«4 0 3 Bfc»U ffiH*«tt 

io mmt^mmmmtit, #&£©]!&**• 
*iie/H bfeft*aitfiWJB*tti*-rs. **it©^»7f 

tts W**fc'LT«*C5#at%-CD«*fti;dc*N 0. 0 

3 S a % © ^ i > A V 0 , 5 fifi % © «£i|?fc £ I6L 
fetffl^MtS^ itvfcPg^^tvStCT-K^^o 
£©.0f®*fcfcJ\ H?aa©X5 'Jfifef4 1 8 a§Ib*tI 
2^9i4 0 3BOli;<7 h* 4 1 3 tlSo 

[0 16 9] £a#i^ft3MMftSW£:feV'>? 
t iNJ84 5©±®fcjS^f«jt:^ofe CuJK4 6© 
20 M»:6fcgi**liV^r N KSS*4 0~4 4©^gP©T iNJ^ 

4 5*»it5. ^-CITN T iNI4 5 .(A'J7l) C 
*T-T S CuI 4 6 «D«f«ai*?tb3^«flBiSitt 7 V -fb^« 
«Wii©^tiJ: t) fc<S-V\*fh 0i)^.«jSWlb 3 JiAT©^ 
frT»W*ff^, IBS«4 0~4 4Ort«<DCu«4 6 

© SB^WjB ^ ti s © * #p(w -r s * 

[ 0 17 0] Wg©*fflob -fiJh bti=Ji= 120 g 
/cm 2 , $^J\3r*VTmmm= 3 Orpm N £ttm«i|K = 
2 5 rpm , X7 V SKfi= 15 0 cc/minfc b. «f|g/1 <y h" 
tt, p^-;i4±© I C 1 4 0 0 4Mt5. »SittT 
JO iNI4 5 0ifiS*i:U 0»<Z>jR£NU TiNI 

4 5 (omm ti «t wwiB a* » mm bfe^ta^ta 
«-rs. 

[0 17 1] I3 9l^tJ;5t, ±«©*ffitt<b*« 
«fflfS*ff?3i:fcif), B3«4 0-4 4©^g|5©T 
i NM4 5K^m*^tlTTH©^b^V3>M3 9 
^Sm-TSA^ 04 0 (a) , (b) izm^Xm-f*. 
5Cs T*«ilt:iBHbT*l5ft:»fl3i/U=i5/il3 9© 

5&*^ ofcT i NI4 5*s^#1-S„ 
4<? [0 17 2]«t, E*i4 0~4 4©rtS.©Cu«4 

6 © w s * uti % ps u mtv b gasi» 40-44© 

4 5 (MiJ7l) <S:l^*t-SfeK)fflSM^fb^««W^ 
(I3^f-v7fflCMP) *ffdo ZCDMiRmb^mm 

rnmit, c ui 4 6 iz*$? s t i njh 4 5 ©w«s^it 

*^'i>%< fcfc 5JW±t5SS^T"ff-9o tfe, C©fb^ 
>J»3 9.«3Siea*ffltt* J l«t»)'6^:*<«:**fl s TJ^ 

50 [0173] ±&mnm<b^mmmm?tn^icit> -« 
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c mm^mmh^mmmm x-mm b & ± 5 & 0 . 5 a s 

%«fc *3 i fe#b>©3B;&4'eS' ; ^l"3~5 IIS C Kft^J * » DP b 

fetictmts. iw*»j cu«4 e<Dm.mizm 

*fett»#J:rs3H#J*v>vv ^>^>yrvr-;i/ (bt 
A) , BTA#;i/#>K&£©B T AflN*fls Kt->;1' 

^ ;i/ A > s h y r V— ;k h y ;v h y r\/— ;nst if 

[0 17 4] i$^JhbTBTA*^fflf ^© 
&g«X 7 y o«»fc « J- 5 AS, 0 . 0 0 1-1 

!!«%> <fc»)*?£b<{i0. 0 1-111% 
*b<8:0. (381) ©»fln?+«-fcS» 

mmtlyXO. 1 M%ffiB T A£JMl§rb;fc*>©*{£ffi 

(omm c «t s w*a*<DiftT * &v & » * y 
y;i/«» ^y>t^^y/i/^> zMcD7>f='>A«t 

felixfU>y7 5>iff8 (EDTA) ft 

x 9 y & ffiffl l fc^mmmm t o v> x *m9& mm 

fti?lZ&&mm s f L 10-209857 #s fifffl¥9- 2 
9 9 9 3 7 ^*J«fcV#;IH5p 10-317233 ^fep b 
<§B«£fLXV^<, 

[0 17 5] CffljI^^b^iWfiTg (S3Xr^7ffl 
CMP ) HfflB©#flS!K-fb¥*S*«We (S2^f^7 
©CMP) «7lfet, ff£*IV»Tia3 4-H3 6 fc 
*l/feCMPig©»2^i4 0 3 BOiXfrfrftSo 

ffi&m * ma b fetitii^ SuiE© ^ v y 4 i 8 

btltTIi^f b' 4 1 3 <0«WK#fcf&#ilS.. ifl 
fflsSH^&s -fiJi: bT^fa= 12 0 s/caK t>*->^*? 
y 7M= 3 0 rpnu £tt|31E8e= 2 5 rpm N X v 'J 
$tM= 1 9 Occ/minh-r So 

[ 0 1 7 6 ] 18 4 1 #.£1*18 4 2 (a), (b) fc^f 
MC, ±IB©*#l8fc^*l«W«*fT -5 C C A ■& , 
BMtiM 0-4 4 ©^oBffl T i K14 5#T^Xl&5S£ 
*U, <E*ift4 0-4 4©rt»fc:Hto&#C"U.B!llM 6 a 
-4 6 ei)Wmt!tiZ><, 

[0 17 7] il»5i^CuiB^4 6 a~4 6 e©fl2J$# 

»bxvA$. -eciXs u©^7'jiiiiit5fe» 
C i;-f\ BUI3BI3 Aizmt^ y- > • >4 

0 4 CfcWX B T A^tsmyKxmR 1 *W5. - 

fflfct s mfrmiz 800 k.Hzju±®«astiBi&*jbn* 
x*« i fflgi*^7VSi«ii^ti,^sy->y 
*^£#«bx&j;v^ *w©<e»*i»<fc» 
ts* i *mm&mizm.ftvitttmx'mmmmu4 o 1 

4 0 2 C jgjl b> « 1 m»m 4 0 9 At* 


(19) 1^08 2 0 0 1 -2 9 1 7 2 0 
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v>xo. ih°/o©nh4 on*s&m&m*:m^tz 
wzrWHtm^* ttwt»2 86?*»4 o 9bk^ 
xmyk*m^ttz.i?7?m&%ft5» nnBoj^fc* & 
a^as 4 0 2(t «&4»©as« i ommizft&mM? s 

;JitgBbXCuiS4 6 a- 4 6 e 
3©£Er«fc«k r£&#?fete^4 3 OXSfctlXV^So 

[0 17 8] Jtta**9:7«i* #S7ifei 

70 §. »4 3fct, ±S6bfcCue|»4 6 a~4 6 e ffij^fig 
7d -fe x © 7 n — mx a& s o 

[0179] **j6©m»fc.«tn«N rnmomm 1 ©s 

Ifflf IOi&© T D D B S^^ilfey? 7"?ft 5 . 

##fflfe«6, SaaflRb (7-f>Ref) t*5Efi©ft* 
^«ffi8ffla-& (*SS©Jf^l) ©t 1 -^ (5-f>A) 

fffc-Ts is? y — ©fl3^««»f«©»*ff ofcftjt-e 
>Ffc^-ria cti3DB#ft*sasc#-rso c© 
j; a izmny y -©#-&c t d d B»##ia±*- s©« 
si b y 3 > iz # * * ^ ^ - * fg m x t s ■» # 

A^>tlSo ^SSS©S-a, X^y{C{i2~3y«ni©iSfg 

sfc 5 v-f p n ^7 >v ^ifig. b, ^> y => >m 3 

C©fc»s TDDB^tt* s a$C#^tl/fe*©h#^.^tl 
30 So 

[0 18 0] *©*Sfi©jK«nf«w^-a«»a 

(HFM1S1) ^ffl^-S-fc-M-Si:, $4tTDDB 1?f tt A s 

asc#r* (7^f>G) o Milt cM.pg»«, $ 

b, fffltrvt-777 xvja3a*ff a * ffixs. 5 » 
^©atck b*m©y^— ^a*sfife*^*xx#s©«3g 

[0181] mm<x>m»B) H4 5t*> *^sm©^ 

3®CulBI4 6 a — 4 6 e ayW^yn-^^(D±W.y n 
<fc-sa^xn*ff Xbfett^i**S6©B^ 1 

^> o 

{0 18 2] HF«j*.tt, fc-fcAtt^^^^^^^JJE}* 
HFSS*0, 5%. iS»«fl4 2O#0^fr 

[0 18 3] *5U«HFm#Jc:>R;*T^^>K.J5fe}f 4 
5^ [0 18 4] C©A5KHF*fctt»Ji>ftjJls}**fflV^ 
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**. 04 6iis **jlO»I©I^© T D D B 
Stfllbfe^-^ii^-Y >Hs HFW^ifflbfer-^ 
>Ref) IjOt 9 -* (-H>A) * |bJII§ 

[0 18 5] H4 7~H4 *» 

b&¥JS0*5 AV*IBIT?» 5o EI 4 7 ~0 4 9 t 

[0186] 047 Cwt * o £«j£ 501 ±fcE 
j»mjfRffl©«»P6.0 2*»«b. ;r©l»»«t6 0 2.fc 
.S»&A,t?*IE* 5 0 3 »B3i^ 5 0 3 

[0 18 7] iftJ";3>I5 0 4 S ffiSiS* 

ffl^-fti.S' y 3 5 0 5*5J;WTEOS*Jl*4^5cm 
M^XYCVDactU rBfiS bfcgHb S> U 3 > M 

(TEOSiftI) 5 0 6*MtS. 

[0188] <a««*©«YbS/ 'J 3>15 0 5 « s «A 
(i"7j<:^ ;i/-fe X ^F-i?" > (Hydrogen Si lsesquioxane ) 

(tetra alkoxy silane) +T;i/^r;i/^/l/3^r'>->5 >(a 
lkyl alkoxy silane) S O Gjg&i:^ 

otiftSgtl^, 77XYCVDMgt57D 
n*-5fS>^?Uv-M*ifs ItilS* (e) ft 3. Ott 
TffliHb S" y 3 > ftglUKfc: «k stilts. C © <fc 5 

u®, mnmam'ih v 3 >mttm w s s i: c <t o t sj* 

[0189] ^fcs 048 (a) «fc 5 fc^* — > 

Ts 148 (b) iZm-rZ^iZ, tt?L5 0 74lPt 
5. mtftHS 0 7 ©S3 PC {±7* h y V^57-f tx-y 

f^^ffl^s. «fim^©«fb^y3>M 
#-<.*r*. i©fe»^ffl±jBtjf^-rsM©MS j f'# 

llT«t 5 i: T D D B n&ftM < £ V> C t *> SB>A<J 

frTy^-Ty^x^rmmitmmRs o tp^©®^ 
y avis o sMfflgBtam siosi 

- O nm&&&M$ tLTs *W©»I8 1 T-lWLfc <fc 5 

[0 19 0] 0 4 9t*ti5C, &«t3L5 0 7 

rtfc^-fb^^>*5*t>'^>^^^>* > e>'£-2.7-5^5 0 

8£j£f£-r-5c ^©^•fb^^>fflit«©ms *»©tT$<i 


(20) #H 2 0 0 1 -2 9 1 7 2 0 
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1 1 mmizs i - o -.Ntt£#ii«u Sft^* > a/a 

[0 19 1] C©cfcd^SM?LF*|ffl7'7Xvi!ail 
[0 19 2] £fes 7>€-775Xvfflli;ftiT* 

^T-^xvsams sm> 7-;u=f>s ^y £2v##?B*§r£ 

7° v X v5ast?$> -a T & M. Wo 
[0193] &:}b\ 0 7©5BP&C7* KUS* 

?L5 0 7Jsg|5ffl@Bi^ 5 0 3 ©SB^-fb^ttS^^fe 

1-16 9 1 2?Mt:ffii«)ftff.i ! *5. 
[0 1 9 4] Sfcs fi»«*OB?fll^y=»>K.5 0 5 

tL*«fl3->V3>.« (fctiSTEossfti) ©em 

^ o 

[0195] mmcoMM 5 ) ±aa b c u s 

20 B.4 6 a~4 6 efflMSSIt r.47)^?^>$« 

fflv>fcS4&3i^c uia^©7i5jggtc?sffl-r s c 

So ^©m-^tts tl l«B©Wffi^2 4~3 .O&m&is 
fz&s Ix^s J3 5 OfcStiiC, ^lJBi©WE^2 
4~3 0©±gPfc7 , 7XvC VD^T-MJl 1 2 0 0 nm 
mm<n&fci' V3>13 K If 5 0 nm« : K<Z)?*VA& 
fb ~> y P >« 3 8 *5 <t tKJ«# 3 5 0 n mfIS©^ft ~> 'J 
3>R3 9 *JI*it«-T«.„ 
[0196] *fcs 051 tS-Tckd fcv 7 * Mx^x 
> M * ?X ^tbfef 7-fx>yf li@ © WIS 

50 82 4, 2 6, 2 7s 2 9s 3 0 ©±S5©^-fbi^ y 3 > 
13 9, ^fb "J 3 >JK 3 8 i V^-fb ^'J3>13 1 

05 2 (a) s (b) fc^-TJ^a 
tCs !3iJ©7*hV^MtVX^i;ffl^, ifti"J3 
>JH 3 8 $x v 3- > 7*©Ps h v n\^tc Y v ^ > ^ 

-e^fb 'J3>I3 9t: R^^^~ S C tc ^ -p Ts X 

■fc-)u%Mfofcmmm 5 0 ~ 5 4 *isit«, 
[0197] *fc s 053 izm-r id ts ia«^ 5 0 ~ 

5 4©rtff**tf«ft.^y 3>I3 0CD±SC«J»B 0 
nmI«©IUTiN14 5^«fbfe» > T i N14 
4(7 5<D±.mzmum5 0~5 4©«S4;?)«»+^K:*^gl 
ff©CuI4 6*««t5. *:-;i/^*fcfeSB« 
«5 0~5 4i*s Sfa3E^4 0 ~ 4 4 £tb^T 77^ 
7 ^l:b^^tV^fc»s T iNI4 ottCVD tM.T:i$M~$~ 
So Sfcs CuJP4 6tt77-?^^y>7/ 42 |lJisJi^t) 

^CuI4 6»St5I^lt ia^?§5 0~5 4 
©TltCu©->- F**7>"?-y^ y >^&&h*T"l>fi£ 
1-SXg7bs^>St%So 
50 [0 19 8] 0 5 4t^tJ;ot> iui^bfeiSfe 
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m^mmmmizj:^xmum5 o~5 4CD^a5ocu^ 

4 6 hT iNI4 5 t%mHh, ffiJSiS 5 0-5 4©|*1 
SC«»3i^CulB^4 6 a~4 6 e £JfcJE&-f 3 » -e© 
St© i*l & „ iff 13 *s > ^ v > & £ m v> fcffl » 

CuIB884 6 a~4 6 e ©««*ifeJ:H bT-^Sc 

[0199] mm^me ) uMBufc .tat. cui 
55*, cum yjvK-^Amm tr>yx^>mm 

©TDD B#J$-*HJ£ L-fcT 5 — * *^-T^ 7T**-5 D 
TD D B*#*«SttK:*#.3fiJg4S!l »3 S"CT'V> 

[0 2 0 0] r;i/5.-^ABB^<3D#tt (5*—* A) 

«jmsus#o. 2Mv/cm (ai»«e»tt») c*!** 

TDDBMtt, ##93#&©WlfiB«^»5 3 x 1 0 
8 s ec (10¥) — 7f> CuEtt<&*$ 

TSt: Ay if v— 3> > © ftJlrVttJBie $>Z>Z£&t>fr&<> 
[0 2 0 1 ] C<£tSK£&V\T> 7^5-f>Afi»ttN 

{ciDMbt^S^ ^>^:^>B«tt.s CuSfi 

c ufijK £ 9 > t?xy=- >wM<Dmmmm<D^^> t> , 

ChtffNftSftSo &*5> CCtOTDDBfifftB 1 4 
[0 2 0 2 ] £CD£5fcTDDBfMM5#fb*Htt* BE 

mttmzmm^titc cu#nat««u £.jijpbmh 

o<ft« WflE *ifiT $ * « i: — « fc * 6 ttT-v^ * o b 
K±t-*fc»©/ty-r§R#**e*A6*tT : v>s^ bfr 
tt<?vt y rioi M«^*M-r £ c t: «t ft E«ffi«i;^ 

[0 2 0 3 ] MOttfOBftC^ 

-XA^MTiffilfco -rfttots E»*0>*lft»Tp 

ttS-f^XtrfH^BWBcpWtti? F V? > l«ltt4B 
H^SBWT-ftSp Mottflcefttt-MBWtf^A 
*tuft«*J« fc * 7m £ ©WffltfSfcBflSTfc £ o -r 


(21 ) #13 2001-291720 
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^m^m^xmmmmmz a & h y 7 b bTastscu z 
§c fit, ^©y-^aacDJiflnaisSf^ h ju^*.Jian 

£ *\ W C U - * ^ * T* »i»**s£:tTTDBB 
[0 2 0 4] 05 6Bs lulH&a©*®«LS (T>^E- 

10 s&sa-CuEH (TiNi pti;r«) **&') 

©wigs mmffi&^m, wB»a©.aBjBaxa > 

fe, M*i«*©*9ft«©^»l*Cift^T6 Sih 

m^^o^m^m^^n^£m^^ti^o 

[0 2 0 5 ] #||(Z)«Bffitt31fc*ttS C u -> U 1M J« 

ir g3 b «fc d titbt^-vy r M (»b^ l J3> 
awA *: ^> 7j<^ r — — /vsaa* * va* wx?» 

nmgjg) ftcttJffiffl (d = 9 0-3 0 0 nmfijg) 
foT&^Z£&ftiP&o cn^cDmmir^ SuIB® 3 3 

[0206] ^©KaEifrjiUcisftsy^-yr 

7Xv JUS r ^ Xvfflll: * v>Ttt-> 7k^ T 
;v»3S45 £ tffi* ^ ^ ^ tm bTs C u B«.6D 

* ^ * ± N Bflun^-tt * tut mmrnv mm® 

OJ;aicTiNM (iifiA''J7l) #**»&fc:&V> 

[0 2 0 7] ca)J:'3 3ft*b^ j RL*t*6*«SflB#6tt> 
E« * ft <Z)«ai»*.A tf jggp ^ >f * > fb ^ fix v^ce 

7>f-7 79 XVlISfe tit**? 1 7Xvll^It 
d h s § v^tt z *x 6 i: hu 13 C M P ©a * it It m 83^# 

10nm*lM<l>T^, SSVM^ A'U7lSM 
«<btb*oT4>s Cut»tSt5**#i*0B 
»0TDDB*tHr*|q|±**5; fc^§5Ct*«J 

[0 2 0 8] d CTf, 057 CBM&ffi ( T I N - x 
nm/TiN • 5 0 nmj£) CO T i NR (^y 
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0. 4 / am@ J R*5 c kWl . 0//mgft, Bi8*©$!£ 

mz.it o. 4 umumvmwtmzMLXs mumm 

[0 2 0 9 ] 7A»fes TiNI © 

9t-r3££tf&>fr«. Ifci^t, Ti 
NffiJUJP*^ 5 Onm(D®&<DmmUffitm®lh, Ti 
N«t#»tVA»#l4v ESMBA 5 0 . 4 /imigOi^ft 1 
9 %, ESMI# 1 . 0 /imilfflS^ 1 5 %IS, je 
«lttK**«fc<a«ie**. T i NjR©g|jp# 1 

X 1 6 %, iSiAs 1 . 0 /xiamAom^ 1 2 %H 

[0 2 10] Sfe, H5 8£, CulS^nvyxn- 
U i otf ^ bfei^t*ilj-5 T D p 

10-5 0 nmglCT D D B#tttiilbt V^S 

^•©S£!(s|-©TDDB1ftti±. T i Nltf 1 0~5 0 nm 

Sfif M3L\ZQ. 2MV/cm. 1 1 0°C, 10^=3 
xl0 8 #) *ft&lZ.m*.ZZ.t 
[ 0 2 1 1 ] *fcs 05 9t, T i NliSi^i'&Jii 

5§*0CulSi;j5lt5MIffl«»a5TDDB 

«4oo °c\ 3 mmcommmx' tdd B#tt#£Yb b& 

[0 2 12] COmS 8*«fcWH5 9 ©jfffilgJIIfr 

u >t»^fc c mm 

#^>©il»t:J:-pT«J»T*JWbfep 
[0 2 13] *^ai©^6ffl^*#:*«0K^ 
«©B**iI©*#Wfc— 0>J*IH 6 0 fcwf . 0 6 0 
fct, ¥i*{fc£«II]&Sgg©--gB (SSlJSEiSiiiSBSfiE 
MflSj*) *fe&aUT5*b&Wfflja*C»!K (a) tt~> 
>^^^V^>«lst:.*oT*J«-**l-fe«W» (b) Kt* 
i r v e> > s £ =fc -=> t SjeS £ tife®3f * -eft^ea^ 

3>JK4 8*s*t«t$*lTV^*.. Nfl (b) fc*^ 

TJis »ft'>'|pyi3 1 a*5iVW|BSI2 7±Clft 

^'j3>i4 9 s^bxsH'fb.^y 3>i3 1 h-tfmms 

fl3S^y =i>«t4 9fc{4, WESS2 7©±®©-§|5#gtii 

$lis ;i/3 4 #^$£frT^s«£-# 

ws^$ttx^§o wT©iSfl§i-^pv>T{*, mm* 


(22) #12 00 1- 2917 2 0 

42 

$tl& Z t CRSSns 4> ©T-tt# <U ffefflgB^Jia?^ 

t jaffl -r s c i: * mtB-e <& o 

[0 2 14] E^©« (S*ti*4 2 ©fa) *«tWMSE 

istrapi mmmmoM^znm-t&mm^imm^xo 
mm) it, mx.uo. 4jum»j.Tx&z>o ##w#e># 

^bT V^E^**5<fct5R^E^PS«x «*.«0 . 
2 5/zmJBlTs 0.. 2//m«T©E«i«M^* 

h-ibfcfcs m%.l£lX&Z>o 
10 [0 2 15] Sfcs T1NI4 5X-Mw$tlZ>&m&.rt 
'J7i©l^lt MKlOnmm jf*b<{*6~ 

lNI4 50iI$s 08*.«5 nm£JtT\ #; feii^tli 
t)$f*V>3 nmKTs $>3W£# e>CSS^ 2 nmlgi: 
LTtTDDB ^ftt*lRl±#* 5 £ t &X £ 
1^ Ti N14 5©JP^«, **f*<#*£tlSa8R# 

*MR (ESSSI4 2«) (x;u-*-;i/3 4 

«) 1*1© T iN«4 5 0*».K:^VAT*i«ai5.<l s «*»< 
2(? Wim$ti& Z.£fre> s ■€-©MSgBfflT iNI4 5 ©J?£ 
©C fc.£fgbTV».So fUT> #| 
2 El»}»M>S?*&?L 
noMSff (SI*.5LfflJK»A*^rtr) C*5V>Ts TiN 
J^4 5*$«*»H^ggr9-©P$^ (ffliaiO 
nm*!, Sftt<liS~7nmgfi, 5 nmJM h\ 3 
nm^.Ts Sfe8 2nmlg) t^5. ffe© 1 ^{i, E 

t&m^mMiLHowmmzm^x, t i njr4 5 .©**> 

* b < (*6~7 nrngj*. 5 nrnJ-MT, 3 nmJilTs * 
30 feft 2 nmgS) f SiS. 

[0216] ±i3©«fc"5 1 0 nm*»©T i NI 

4 5*^tfeli:t: ! t!)s TiN14 5 ©A'A^ ^fb 
^> U 3>I3 9 twmWS* 5 C u$U <3 t»ft^©T*^ C 
MPftiE$tCuI4 6 5 b s iiJi61-S©^E5±T»^.So * 

TiN*4 '5tswftv^ mammammsx- 
mm) .fcjt^T.E«»sy4±#-r**©©^ «ws©S5 

V^CuE^«3g**^t:-§-5„ tifcs T i Ni4 5 
H-3Ee^»#t:tt^TT,DDB19it*iej±***c:.k36«T? 
tSp utlii, TiNI4 5#»m CuS460 
40 l&Mm\z C u tf iiSI 4 2 ®HSttC«!K b S i O 2 i: 

ztiZo mmm&x % x % t d d b mm* b % v> 

fOi^Cu/SiO^IOCu-f^V 
M* s ^«bTV^Si:#^?)^^So Ltzifi-^X, #*8S© 
Jg«tKi«feti«s i*lOnm*l0TiN|g45t i ti-f 
*><b bfe C u CMbt^ 'J 7 h & !) , TDDBfttS 
IS]± & * 5 3 1 tfiX t § i: # 2. as c 
[0 2 17] tfe, Cuffii4 6 ctH^insCui 
IfflCuimro^Cgllt 0. 8JS^% (atom 
5(3 i c%*fc{iAt . %) £tT*fc'tt0, 2 atomic 
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%etTTJ»S. *fc> *#B**6©*«»»Ttt» *© 
CuJ^^©^©*f£*» ^J^.{iO. 0 8 atomic 
%J»T\ £fefc£, *tl£*) fci£V>0. 05atomic 
%tlTs feSUa^tVi^fc^^Cfg^O. 0 2ato 
mi c%J^Tfc-rs^i:A s Brti-C'$)-3/fe 0 ;©CuM 

(0»*«*>^*^>*T*H:j«*lH$fc4 5 0 
"CgJgcm^SDfc 5 ) C <fc -a T C uiaSHf fcffijR L fe C 
i:4«*LT|tatfctt-!?ifea. ^©CuBBSIfc^ 
T, ?0CuWfflS*lt CuS«©±Sa5 (^r^>> 
7°JK^^t--5gP^) ©Stt#i«S<, CuISiUffl^ClSl 
-o T t m < & S <fc O teVtmX'frlp UT ^ 5 £ # A 
£*VSo ^©CuJ^fflfiE^LTfc^ ii«5/i;.3 

£fc«^;}v£©ffiic©l&€ra-#fc 

So 

[0 2 18] RfbS^U =r >JK3 la, 31b, 3 

1, 3 9 , 4 8filftits JBP^*fiMMcD#*4*, 09* 
fcTSiOFs ««SOG (Spin On Glass) tfcfiPS 
G (Phospho Silicate Glass) M h b T & Ji^ o SiO 

f ^mm s o gjk^cd & o &mm^<D{&^mmmnx*m 

[0 2 19] mz, zcDkotzisy tf)W v i/ iz 
^CuEi^1tig©^^S©-0ij^EI6 1-16 6fc* 
oTMffi-r3o El 6 l-@6 5<£>i§-^<£> (a) 

bs (b) (a) ©A- AiScD»fBEl^^bTV^ 

S.o H6 1-0 6 4CD (a) (i¥fflEl^S)^^> 

H H r S » K AJSM t ^ * ^ > ^ * ft 

"To 

[0 2 2 0 ] St, fflf3*a©B^l*TSSBBbfeEl 
6 ©Xg^jfitis SI 7 ^fflV^l^H^ hllia^ IT 

Ts 06 2^t<3:5i^ Mi«TaI4 5a (^Sft 
^Ur«) ^J^.«^^mj?T*3 Onm«, MSB* 

ite^^ffi i tmmcDx^v* y >^cioT«*t 

T*> *fc.tt* mi>m^mffiT*, «ilfl 0nm*M 
6-7nmgI©TaI4 5a«f$Wo ^ 


(23) 3fM2 0 0 1 - 2 9 1 7 2 0 

44 

V\ 0 

[O2 2 1] f0«, TaI4 5a±i:, CuI4 6 

1 hlfi©^^^ U 2/^toTi*tS. 

0 2 P a, fttt (D C) ^y-tt. 0 kW s 9 

->fv btmKi tvmmit, «*«3 o 0-40 om 

[0 2 2 2] ceo J: "5 C**JK©iB»K:.i3-v>T«u C u 

10 i4 6 y>yat:ct-pT««-rsci:fc3: 

hit, «iS9 9, 9 9 9% (5N) J^± s 2F£b< 
SU 9 9, 9 9 9 9 % ( 6N) ^(DWffitOiSSl^SlR 
Cu^I^tco »K Mjt.ttajRHrCDCu-M4 6 

(D C u 9 9. 9 9 9 %M±s » £ b < B\ 9 

9. 9 9 9 «%«±fcT?** 0 bf^^t, $6fcttJ(E 

[0 2 2 3] TaR4 5 a*i^CuI4 0®J(£ftK:flE 

p— >c/<y^-y >^a^n y bx^^^ y >^^# 
cd £ 5 » i&iatt o M v ^ 7 9 y > ^ as * jf v ^ t * a 

[02 24] »:v^t% ^jttaftiSfiTr* cnt 

.<fcft N CuI4 0«C««4 2 rtKA»K*»att.p * 
©BR.©lfefrft > Wi«4 7 5°C, 3^, 2 6. 6 6 4 4 
x 1 0 2 P a, 5 0 0 sc.cmlSWo 
[0 2 2 5 ] MV^T^ Cu.B4 6.:fe«fctFT aj^4 5 a 
30 06 3fc^Jt5.fc> SuSB^UcDff^l, 2-TfUiBB 
L/fcj© t C M P t J: o t«l 

Cui§4 6 c SiV^ 

o-*x»Jttrt(r«a*jii©»«i i - 3 t«w bfe© 2:m 

^T^-r«fca^ N -j»«M3 9*cttFCufiJ»4 6 cCD« 

[0 2 2 6 ] 7>^-7/7XTlI^llfci^ 
40 ift^^>i3 9©aB»»t:N SiHg^j; 

■tf s i Ne^#jB«**tseiR N y n >S 3 9 © 

§ , Cu .©.i£«BS±tttB«- tt± £ * £ C i: #lTtg i: ^ 

Cu|B«4 6 c©aa»d'fc*V^Tttx CuN«$ 

Hf JtT? icfll^^f^J: nit e h «e 
50 £0 bfetfoT, Cu©J£jR*l»±-CSs TDDBf* 
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*m±£&&££&vimt?<jL%o tits cuo»6jk#«5 

[0 2 2 7] *»r9XvjB31**l/fc31#iC 

tt> BKb> u p >« a 9 s i Hi^» 

fc#*##fe;h,&. 6 Aft 

©»iuxsc*^tc ui»sR%8«<3D^ y .a > t&mt 

g\ TDD B##*fnJ±^^"^C ^^Wfg-efeofeo * 

[0 2 2 8] H-65tSt.i5fc, ift^U^ 

««t5* ^£>^>, 06 0 (a) £3%b&J:3fc* ^{b 
y xr >M 4 7±l:, «i«TEOS (Tetraethoxysi I 
ane) i$7s *ffl^fe7.7X? CVDSf ^iotlfb^ 
y 3>R4 8*«It5., 

[0 2 2 9 ] ra7;i/fv:>>yai:J:sCuSI 

3* &43> El 6 6-H7:7©**© (a) tt, 4&*tMK 
*ElttS6*(0«Jtxa*©fiffl¥fflia*^bs (b) tt 
#J8 (a) (D A — AM<D\$iMM%7F ltui)o *fc.* 0 
73-07 60 (a) ttWI1?$5tfs HI*.^*5 

[0 2 3 0] g 1\ SuIB*SECD^1® 1 »T*»1|§b&B 1 
HH5d>XB*irr\ ius3*lte©^«5CDS5 0©xg 

itmtcms ®6 ejfcs-r <tafc N ift^y ^>i3 9± 

S.8tBS±JM-6 5 St^b, *0>±fc::7* h vy^ > 
— > 6 6 ^^^c^-^o 7 * h h/r^ — > 6 6 

i*s £ « ¥ir m#<mi t^«tSW©v^>;^ 

£&£*iTU£o 06 '7fc3Vt\fc:5 

Z?X >6 6$?^^ tlt, *£*»&-fclti"j-3 

MM&5±JBt 6 5 4.1«9>f.x y ^> ioTx^ ^> 

^»*-bfc*s *&fc, »ft5/yp>K3 9, Sfb^y 

□ >i3 8**««ft^y=i>JI-3 1 b* xy^ 
*-;i/3 4*Mt5p £©BMb^y 3>13 9, ^{b 

*> y 3 >jg£ 3 8 43 cfct«Mb y 3 >M 3 1 b ©ai y ^ > 
^ttlTJtt, *«* ^iliRTfrW SMh^y 

bs snb> y 3 ymco^i^m^y v^>m& * 


(24) #M 2 0 0 1 - 2 9 1 7 2 0 
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^3 4*at§ 0 bfetfot, z<Dmm~ei<t, * 

;i/.3 4cDflEH4*i&ttafti^y3>«l4 9^Iffi 

[0 2 3 1 ] *^T% b — > 6 

ti5t:^bfet> Big, 06 9(:gti5^ Sit 
BS±JK6 7*^;i/-^-;i/3 4ftfc»»&*ft*,fc-<3 K 
®fb *yV3>13 9±C*BC »W 3 o Mt\\X» 0 7 
OCiPtiiCs KStB5±«6 7±£, 7thl/^h 

^ritStlTV^p ^6D^> 0 7 1 ^^"Tcta fc> y*b 
UP* 6 8 §-?X^ tbts f^iP^Ifflt 

SSlt.Kr±ilie 7<fe F^^x^^^^otx^^ 

xi ^ > y ffi iz: iotx ^ > ^ § - C £ fc <fc »3 > 

^ > ^fflitit ttfls ^ y =i >m t ^<b ^> y X2 >ib0 

fb^y 3>JKA e 4)xi^^>^|^*^n^i^^x:^ 

h 7^hbTffii«4 2 ^jfF^-rSo -bfc*«o 
T, ^(DfKI^ ffiS^4 2©Jtt:ffl*6«aft^y xr 

[0 2 3 2 ] &V^Tr> 7* bl>5?X — >6 8*5 J: 

t> w M*TI»ihM 6 7^7r» j; o T .B 7 2 ir^ 

■TJ:5K:|»*U-ft:«^ KIMI-4 2 *J:tK^;v— ;u 3 

■4coja5.»fc»m-**i4»ft5/y=i>ii3 8, 4 

ik .k ^fb 2/ y 3 > m t (o x: ^ ? > ^sjr j±, * ^ § < u > 
y a y 3 >M«k '5 * cc * > ^ 

3^^-TJ:5i-> 2*«t-rf^;p— ;i/3 4© 

Jgffl A> m<b ^> y xi > m 3 9 45 i -t5 Wffi JB 2 7 cp — « * 

•m$*io ii^ttts wb«2 i £±jmm#>jhfrmmt 

IKiD *.R«*©lfiSV^<h^ y xi >.« 3 8,4 9 £ njfg 
BICFtOfittHS "C * * 
49 C<0<k-5-KbTs BJIMI4 2 43*V^;V— *— ;V3 
44Mt5o 

[0 2 3 3 ] ^V^Tn H74 K^tJ; 5 C> «iKT a 
9>^Cctot**t*. ^ICD^ .B*#I4 243«fctf 

Tfr— ;i/3 4 6PffifJ|iSBfc:{i^ 5*j?i>ffi3fTv Sfe 
tt* g**V\®F/fT% ««10nra»Ts 6-7 
nmfiS©;tiJ7l4 5 a^t»^ti§p &43> 

5i? (sllf ic, T lN^*<DmteWmhfcm~e&A^o 


47 

[0 2 3 4]»HT., TaS4 5 a±K, CuJK4 6 
2\ m^ii^mmX' 1 5 O nmflfig, *ft|$!©ffcJS 6 

t?S£b§ bfc j/> ^;^v»> >S0S^t@ii©^fr-e^ 

hbt, M^-Ji 9 9 . 9 9 9 % ( 5 N) 1U±, W £ b < 
its 9 9. 9 9 9 9% (6 N ) «±©*&*©j*V>fc«* 
Cu*HV\fc. cftKJ: »>. MX.»AJKlHr<DCuit4fl 
(DCu©ai* 9 9. 9 9 9 %«±, b < t£„ 9 
9. 9 9 9 9 %Jii±CT- #So bfe#oT\ CufB*ffl 

[0 2 3 5 ] e©^„ i»^'^MiCioTCul4 
6£^fi£-rS<, CuI4 6£*flMy3r?2c};:±*);*;t/- 

^-;i/3 4i*)Cffl«)3itf«f©*fr{^ mxitmrnmrn.-® 

0. 5~1. OA/dm 2 , 4 0MIT-feS. ifc> 
Cug4 6 £13^314 2 fti-Sto&trttW^fcts #<J;t 
«1tMmjg# 1 . o ~ 2 . 0 A/ dm 2 , 1 4 0 
1? $> <5 © 

[0 2 3 6 ] #ltt©ffi^ 6 TfWfllJ bfc-> >^ 

[0 2 3 7]SUT, CuI4 6 43<tt>'T aI4 5 a 
£, El 7 5 t$ti 5 fcs HuI3*S£©m^ 1 , 2 T*lftBJ§ 

bfcffl j; mm® c m p »«c £ -z>xmm U3S*^»^s 

&lfmUnm<DMm 1~ 3 T~S£BJi bfc©i:|5l*iffl)ft?t® 
a^JS-To •€■©«, 117 6 ^v?->^T? 
iolls KII3 9*3<fcXFCuBB>»4 6 efflilCMb 

<omm 6 © > >mxmm uitm-&tmm<D 

[0 2 3 8] -€-©@L 0 7 7C^tJ;ac, it^'J? 

mm^fcm. 06 0 <b) twi/fc^ac, ^fb^yp 

>I4 7±C, «iliTEOSflX«)|V^c7'5XvC 
V D S^fd J: o T^-fb U 3 >m 4 8 
[0 2 3 9 ] Z<D & 5 tt^mncDBM 6 Xit. ±13** 
M<DBM 6 O^^T^# ?.tv5*m©ftfe, iWa3*M©^ 

i ~ 5 tmv>mm^K^^xit, mmmmow^m 1 ~ 
5 x m m b © £ is] d & m. * n & - 1 # w t g t; & s . 
[0240] mmowmD ^mmmmi izm^x 
mmm ^mmn * mi b fc^ic ±«r > ^ - r x 9 
x^5aasfett7j<^r9'X-vffla$iJi^*)©T»feSo 

> i/>&X bra- 7;^?'»ST- III b Uco 

X. t* a T;V^V > t UT*a©Il 7 * 

0 7 8*5<tt>"EI7 9 ioTiSB^t" So 111 7 8, 

7 9©#^© (a) it, ^m^mmmmmmcommjim 
tpomffiw-mm^^hs (b) it&m (a) ©a -ah 

©BfS0*^bTVASo 07 8, 7 9© (a) tt 


(25) #i2 0 0 1- 2917 2 0 
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[0241] **M©ff^7K*5WT{± > mmnmcDB 

m6 ©0 6 6~0 7 3 4fflVTiiB^bfe^iigXg**ifc 

^, 0 7 8ffl»»(t©^\^g=->^T-^-r±a(o:, ±b3t 

> ^ - r x 9 x v ® a & & a * * x 9 x v n « * ss -r . 

[0 2 4 2] T>^^TX9XVfflli%|fSbfe«^C 
mp ^'Jj>i3 9 ©IB, 4 2 ©Jlog|5©gHb 

if y 3 >M 3 1 b ©±s.*j iir^/i/— 4©«Mgp 

©tftV'J3>«3 lbO.«Bfcs S iHi^itFS 
i N«^#M$ii5 (M?liSP$ 1 0 n.m*S8©?£^ 

9 ©±B, i3«* 4 2 (Dmm&CO-WLihi' U 3 »K 3 9 © 
ISs 13^?«4 2ffl^gP©Kft^y =i>JK3 1 b©±® 

^itFx;>— )i> 3 4 ©«ssi5©^b^ y -3>m 3 1 

C u © SSficES .ihttll ■* IrI ± $ * S c t ifi nmt * 
4. BufB*5S©JF^lT»iffiB^bfe©tPI«{c, K 

20 <b^yn>JK3 9 XMt ©^#14 £l^± 

vrmmz 7 (D±.mzBMztitzm<bm (icMiiwN 

[0 2 4 3] *jRX5Xv«l3ffi*Jtb.fc»^K: 
f*> 8ftf'J3>13 9©±®, EH»4 2©ilJSa3© 
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